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(57) Al>stract: Hie presrat lovuntion cdates to genetically engineered recombinant lespiialDiy syncytial vinises and viial vectois 
wliich contain deletions of vazious vital accessoiy gene(s) dtfaer singly or in cflmWmtinn, Li accoxdance witli tfac present inven&sn, 
tlie recombinant lespirataiy syncytial viial vectors and viruses are engineered to contain complete deletions of tite M2-2, NSl, NS2, 
or SH viral accessory genes or various combinatiQns dieieol In addition, the present invention relates to teh attenuation of res|RratDry 
syncytial vins by mutageirisis of tbe M2-1 gene. 
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1. INTRODUCTION 

Thepresentiiiyentionrelatestoiecoinhi^^ 
5 may be used to express het^logous gene products in appropriate host cell systems and/or to 
construct lecombinant viruses ttiat express, package^ and/or present tiie heterologous gene 
product The expressionpioducts ami dmneric viruses may ad^ 

jformulationS. Tn partigiilflr^ tfie preficnt itiventinTi nelateq to mi'tfin^fi tyf g^eratitig recninfiiTiflTit 

lespixatory syncytial viruses and fhe use of these recombmant viruses as eaqxression vectors and 
10 vaccines. The invention is described by way of exmples in 
syncj^ viral genooies are used 

m * 

2. BACKGROPNPOF THE INVENTION 
A number of DNA viruses have been genetically mgineeied. to direct the eiqpiession of 

IS heterologous proteins in host cell systems (&g«, vaccinia virus^ baculoviras, etc.). Recently, 
similar advances have been made with positive-strand RNA viruses poliovirus)* The 
expressionikroducts of these constructSi i^.^ the heterologous gene product or the chimeric virus 
v/tddti oqiresses the heterologous gene product, are thought to be potentially useful in vaccine 
formuMons (either subunit or whole virus vacd^ One drawback to the use of viruses such 

20 as T^ccima for constnicting recombinant or chimmc viruses fiiri^ 

variation in its major qpitopes. This lack of variaUlity in the viral strains places strict 
lunitations on tfie repeated use of chimeric vaodnia, m that multiple vaccinations will generate 
hostriesistance to the strain so that ^moculated virus cani^ laoculadon of 

a resistant individual witti chimeric vaodnia will, therefore, not induce immune stimulation. 

25 By contrast, negarive^stcand RNA viruses such as influenza virus and respiratory 

syiK^al virus, demonstrate a wide vaxiabilhy of thdr major epitopes. Meed, thousands of 
variants of influenmhavebeenidentified;eachstTainevolving by antigem The negative- 
strand viruses such as fnfluenza and respiratory syncytial virus v^uldbe attractive candidates 
for constructing diimeric viruses for use in vaccines because its genetic variability allows for 

30 theconstructionof a vast repertoire of vaccine fbrnnilation^ 
withoutrisk of developing atoleranoe. 
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n, RESPIRATORY SYNCYTIAL VmXJS 
Virus fimiUesrazitBii^ 
are classified into groups having non-segniOTtod genomes (Paramyxoviridae> Rhabdoviridae) 
or those having segmented genomes (Orlfaomyxoviridae, Burq^avkidae and Areoaviridae). 
5 Paramyxoviridae have Iseen classified into three genera: paramyxovirus (sendai virus, 
parainfluenza viruses types 1 -4, mumps, newcastle disease virus); moiWllivirus (measles virus, 
canine distemper virus and rinderpest virus); and pneumovirus (respiratory syncytial virus and 
bovine respiratory syncytial virus). 

Human respiratory syncytial virus (RSV) is the leading cause of severe lower respiratory 
10 tract disease m infants and young children and is res^ 

mortality. TwoantigenicallydiverseRSVsubgroipsAandBarepres^ 

RSV is also recognized as an important agent of disease m immuno^ximpromised adults and 

inllieelderly, Duetoihe incomplete resistance to RSVrem^^ 

RSVmayin&ctmultipletunesdu£ingchildhoodandli&^ ThegoalofRSVimmunoproidiylaxis 

IS is to induce su£Sdent resistance to prevent the serious disease vvh^ 

RSVmfection. The current strategies for devdoping RSV vaccines princi^^ 
the administration of purified viral antigen or the development of live attenuated RSV for 
intranasal administration. However, to date there have been no qjproved vaccines or highly 
effective antiviral ther^y for RSV. 

20 Infection with RSV can range fix)m an unnoliceable infection to severe pneumonia and 

death. RSV possessesasingle-strandednonsegmentednegative-senseRNA genome of 15,221 
nucleotides (Collms, 1991,//iTheparamyxovhiisespp. 103-162,D.W. Kingsbury (cd.) Plenum 
Press, New York). The genome of RSV encodes 10 mBNAs (Collins et al., 1984, L Virol. 49: 
572-578). The genome contains a 44 nucleotide leader sequence at the 3' teamini followed by 

25 the NSl-NS2-N-P-M-SH-a-P-M2-L and a 155 nucleotide trailer sequence at Ihe 5' termini 
(Collins. 199U stpra), Eadi gene transcription vmt contains a short stretch of conserved gene 
start (OS) sequence and a ^ne end (OE) sequences. 

The vkal genomic RNA is not infectious as naked RNA, IheRNAgmomeofRSVis 
tightly racapsidated with the noajor micleocapsid (N) protein and is associated with the 

30 phosphoproteinCP) andihe large (L) polymerase subunit TheseproteinsformthBttucleoprotem 
core, which is recognized as the mininniTTi unit of infectivity (Brown et al., 1967, J. Vkol. 1 : 
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368-373). TheRSVN,P,andLp!Krtdiisferm1hev^ 

transcriptioii and replication of the RSV genome (Yu et al., 1995, L Virol. 69:2412-2419; 
Grosfeld et aL, 1995, J. ViroL 69:5677-86). Recent studies indicate lhat the M2 gene products 
(M2-1 and M2-2) are involved and are required for transcription (Collins et aL, 1996, Proc. 
5 NatL Acad Sci. 93:81-5). 

The M protein is expressed as a peripheral membrane protein, v^ereas the F and O 
proteins are expressed as integral memfacane proteins and ate involved in virus attachment and 
viral entry into cells. Hie G and F proteins are die major antigens tbat elicit neutrali^ng 
antibodies m vivQ (as reviewed in Nfclntosh and C3ianock, 1 990 "Resfpiratory Synq^ Virus" 

10 2nd ed Virology p. I^EmpeetaL, Ed) Raven Ftess, Ltd, K^^^^ Antigenic dimoiphism 
between die subgn>ups of RSV A and B is mainly linked to die O g^^^ 
glycoprotein is more closely reikted between the subgroups. 

Despite decades of research, no safe and effective RSV vacciae has been developed for 
the prevention of severe morbidity and mortality associated with RSV infection. A formalin- 

15 inactivated virus vaccine has Med to provide protection against RSV infection and its 
exacerbated symptoms during subsequent infection by the wild-type virus in infants (Kapildan 
et al., 1969, Am. J. Epidemiol. 89:405-21; Chin et aL, 1969, Am. J. Epidemiol. 89:449-63) 
Efforts since have focused on developing live attenuated temperature-sensitive mutants by 
chemical mutagenesis or coldpassa^ of tiie wild-type RSV (Ghaipure et al., 1969, J. ViroL 3 : 

20 414-21; Crowe et al., 1994, Vacdne 12: 691-9). However, earlier trials yielded discouragmg 
results with these live attmuated temperature sensitive muta^ Virus candidates were either 
u nd o a ttemi a t ed or overattemiated (Kun et aL, 1973, Pediatrics 52:56-63; Wright et al., 1976, 
J. Pediatrics 88:931-6) and some of the vacdne candidates were genetically unstable whidi 
resultedmihe loss of the attenuated ph^^ (Hodes et al., 1974, Pioc. Soc. Exp, BioL Med. 

25 145:1158-64). 

Attempts have also been made to engineer recombinant vaccinia vectors which express 
RSV F or G envelope glycoproteins. However, the use ofthese vectors as vacdnes to protect 
against RSV infection m animal studies has shown inconsistent results (Olmsted et aL 1986, 
Proc. Nad. Acad Sci. 83:7462-7466; Collins et aL, 1990, Vaccine 8:164-168). 
30 Tlnis, efforts have tunied to engineering recombmanl RSV t^ Fora 

long time, m^ative-sense RNA viruses were refiactory to study. Only recendy has it been 
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possible to lecover n^ative strand RNA viruses using a lecombiiiant reverse genetics ^roach 
(U,S. Patent No. 5,166,057 to Palese et aL), AKhougJi this mrfhod was or^iinally applied to 
enpaeer influenza viial genomes (Luy^es et al. 1989» Cell 59:1 107-1 1 13; Enami et al 1990» 
Proc. Nati. Acad. Sd USA 92: 1 1563-1 1567), it has been successfully applied to a wide variety 

5 of segmented and nonsegmented negative strand SNA viruses, including rabies (Schnellet al. 
1994, EMBO J, 13: 4195-4203); VSV (Lawson et al., 1995, Proc. Natl. Acad. Sci USA 92: 
4477-81); measles virus (Radecke etaL, 1995, EMBO J. 14:5773-84); rinderpest virus ^aron 
ABarrett, 1997, J.viroL71: 1265-71); humanparainfluenza virus (Hoffinan&Banerjee, 1997, 
J. Virol. 71 :3272-7; Duhin et al., 1 997, Virology 235:323-32); SV5 (He et al., 1 997, Virology 

10 237:249-60); respiratory syncytial virus (Collins et aL 1991, Proc. Natl. Acad. Sci. USA 88: 
9663-9667) and Sendai virus (Parket al. 1991,Proc. Nad. Acad. Sci. USA 88:5S37-5541;Kato 
et al. 1996, Qenes to Cells 1:56^-579). Although ibis approach has bem used to successfully 
rescue RSV, anun]berofgroiq>s have reported thatRSVisstiUrefiacto 
properties of RSV i;^ch distinguish it fiom the better diaracterized paramyxoviruses of the 

15 genera Paraniyxovirus»Rubulavirus, and MorbilUv^ Ibese difBsrences mdude a greats 
number of RNAs, an unusual gene order at the 3' end of the genome, extensive strain-to-strain 
sequence diversity, several proteins not found in other nonsegmented negative strand KNfA 
viruses and a requirement for the M2 protein (ORFl) to proceed with full processing of full 
length transcripts and rescue of afuU lei^ genome (Collins et al. PCT WO97/12032; Collins, 

20 PX. et al. pp 13 13-1357 of volume 1, fields Virologv, et al., Eds. (3rd ed., Raven Press, 1996). 

The present inventionrdates to geneticaUyengineeredrecom]^ viruses and viral 
vectorsyduchcontaiahet^logous genes vAucd^ In accordance vdth the 

25 present invention, the recomtnnant RS viral vectors and viruses are engineered to contain 
heterologous genes, mcluding genes of other viruses, pathogoos, ceUular genes, tumor antigens, 
or to encode combinations of genes fiom different strains of RSV. 

Recombinant negative-strand viral RNA templates are described vAMitsisy be used to 
transfect transformed cell that express the RNA dependent RNA polymerase and allow for 
30 complemratation. Altematively,aplasmide:quessii)g11iecoix)cponentsoftheRNApoly^ 
fiom an appropriate promoter can be used to transfect cells to allow for complementation of the 
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negativenstimdviial SNA templates. Conq)lemei]tadonini[yalsob6 8c^evedwi^ 
a helper virus or wild-lypevinis to provide the ThcRNA 
templates are prepared by transcription of appropriate DNA sequences wrdi a DNA-directed 
KNA polymerase. The resulting KNA templates are of iiegative<n:positive-^^ 
5 approi>riatetenmnal sequencesAi^chenablelhe vii^RNA-synthesizingqT^^ recognize 
the template. Bidstronic mKNAs canbe constructed to permit internal initiation of transladon 
of vixal sequences and allow for the expression of foreign protein coding sequences fixmi the 
r^ular tenninal initiation site, or vice versa. 

As demonstrated by the examples described herein, recombinant RS V genome in the 

10 positive-sense or npgativcH9enseorientationisco4ran^ 

the viral nucleocapsid (N) protem, Ihe associated nucleocapdd pho sphoprotein (P), the large (L) 
polymerase subunitproteixi, wi&onvithouttfae M2/0RF1 protein ofRSV to generate infectious 
viral particles. Plasmids encoding RS virus polypeptides are used as the source of proteins 
which were able to replicate and transcribe synthetically derived SNPs. The mininmm subset 

15 of RSV proteins needed for specific replication and expression of the viral KNP was found to 
be the three polymerase complex protems(N,P and L). This suggests that the entire M2-1 gene 
function, suppliedby aseparateplasmid expresmg M2-I3 maynot be absolutely required for the 
replication, expression and rescue of infectious RSV. 

The oqpression products and/or chimeric virions obtained may advanta^usly be 

20 utilized in vacdne formulations. In particular, recombinant RSV genetically engmeered to 
demonstrate an attenuated phootype may be utilized as a live RSV vacdne. In another 
embodhnent of the invmtion, recombinant RSV may be engineered to express the antigenic 
polypeptides of anotiier strain of RSV fe.g.. RSV G and F piotdns) or another virus fe,g-. an 
immunogenic peptide fiom gpl20 of HIV) to generate a chimeric RSV to serve as a vacdne, 

25 that is able to eUdt both volebrate humoral and ceU-inediatediinmun^ Theuseof 
recombinant influcpza or recombinant RSV &r this purpose is especially attractive since these 
viruses demonstrate tremendous strain variability allowing for the construction of a vast 
reperboure of vaccine formulations. Tlie ability to select from thousands of virus variants for 
constructing chimeric viruses obviates the problem of host resistance encountered wiien using 

30 o1h» viruses such as vacdnia. 
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The present inveotiQQ fiirttier relates to die attemiadon of human respiratcny sytK^tial 
vkus 1^ ddetion of viral accessory geiLe(s) dfher si^^ 

The preset inveadoa further relates to the Bttenuadon of human respiratory syncytial 
virus by mutagenesis of the viral gene. 

5 

m 



As used herem^ the foUo^ving terms will have the meanings indicated: 

cRNA= anti-genomic RNA 
10 HA » hemagglutinin (envdopeglyco|irotein) 

HrV » human immunodefiency vims 

L - large polymeric subunit 

M = matrix protein (lines mside of envelope) 

AIDCK'^^ Madin Darby canine kidn^ cells 
IS MDBK= Madin Darby bovme kidney cells 

moi - multiplicity of infection 

N = nucleocapsid protein 

NA = neuraminidase (envelope glycoprotein) 

MP = nucleoprotein (associated with RNA and required for polymerase activi 
20 NS - npnstnictuid protein (function un]^ 

nt ^ nudeolide 

P - nucleocapsid phosphoprotein 

PA, PBl » PB2 » RNA-diiected UNA polymerase components 

KNP =tibonudeoprotem(RNA,PB2,PBl,PAandNP) 
25 rRNP = recombinant KNP 

RSV respiratory syncytial vims 

vRNA= genomic virus RNA 

viral polymerase complex = PA, PBl, PB2 and NP 

WSN = influenza A/WSN/33 virus 
30 WSN-HK virus: reassortment virus containing seven genes from WSN virus and 

the NA geoe from influenza A/HEC/8/68 virus 
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4 DESCRIFnON OF THE FTGURES 

FIG. 1. Schematic representation of the RSV/CAT construct (pRSVA2CAT) used in 
rescue experiments. The ^proximate lOOntlongleader and200ntlongtrailerre^ons of RSV 
5 were constructed by the controlled armealing of synthetic oligonucleotides containing partial 
overlapping conqplementaiily. Tleov^Ic^pingleaderoUgonucleotidesareindicatedby^ IL- 
SL shown in the construct. The ovakq^ing trailer mideotides are indicated by the IT -9^ 
shown in the construct The nudeotide sequences offhe leader and trailer DNAs were Ugate^ 
into purified CAT gene DNA at tiie indicate Xbal and PstI sites respectively. This entire 

10 construct was then Ugated into Kpnl^EIindindi^^ The inclusion of a T7 promoter 

sequence andaHgal site flanking the trailer and leader segues lespectiYely, allowed in vitro 
synthesis ofRSV/CATSNA transcripts containing thepredsegenomic sequence 3' andS' ends. 

Itiin layer chroniatogram(TLQ showing the 
extracts following infection and transfection with RNA transcribed fiom the RSV/CAT 

1 5 construct shown in Figure 1 1 . Confln»t monolayers of 293 cells in dx-well plates (-10^ cells) 
were infected with either RSV A2 or B9320 at an m.o.i, of 0.1-1.0 pfu cell. At 1 hour post 
infection cells were transfected with 5- 1 0 }ig of CAT/RSV using the Transfect-Act™ protocol 
of Life Technologies. At 24 hoTn:s post infection the infected/transfected monolayers were 
harvested and processed for subsequoice CAT assay according to Current Protocols in 

20 Molecular Biology, VoL l,Chqrter9.6^; Gorman, etal., (1982) MoLCeU, Biol. 2:1044-105 
Lanes i, 2, 3 and 4 show the CAT activi^ presoit in (1) uninfected 293 cells, transfected with 
. CAT/RSV-A2 infected 293 cells, co-infected with si^ematant fiom (2) above. The CAT 
activity observed in each lane was produced fiom 1/5 of the total cellular extract fiom 10^ cells, 
no. 3. Schematic iepreseiitarionofth.e RSV strain A2 genome show^ 

25 positions of the primer pairs used fer the synthesis of cDNAs comprising the entire genome* 
The eadonuclease sites used to splice these clones toge&er are indicated; these sites were 
present in tlie native RSV s equence and were included in the prinocrs used for cDN A synthesis. 
Approximately 100 ng of viral genomic RNA was used in RT/PCR reactions for ttie separate 
synthesis of each of the seven cDNAs. Hie primes fer the first and second strand cDNA 

30 S3iithesis fiiom the genondc RNA tenq)late are also showa For eac^ 

first strand synfiiBsis are nos. 1-7 and the primers finr the secoiid strand syndiesis are nos. 1-7'. 
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FIO. 4. Schematic xepxesenlatiQii of fhe RSV subgroi^ B strainB9320. BamHl sites 
were caxstcd in the oligoawdeotide primers used fat RT/PCR in order to clone Ihe O and F 
genes fix)m the B9320 strain into RSYsubgroiQ>A2antigm^ AcDNA 
fragment which contained G and F ^nes fiom 4326 nucleotides to 93S7 nucleotides of A2 

5 strain was jSrst subcloned into pUCl 9 (pUCRVH). Bgl H sites were created at positions of 4630 
(SH/G intergenic junction) (FIG. 4B) and 7554 (F/M2 intergenic junction (FIG. 4C). B93260 
A-G and -F cDNA inserted into pUCR/H which is deleted of the A-G and F genes. The 
resulting antigenomic cDNA clone was termed as pRSVB-GF and was used to transfect Hep-2 
cells to generate infectious RSVB-GF viius. 

10 FIG, 5. Recombinant RSVB-GF virus was characterized by RT/PCR usmg RSV 

subgroup B specific primers. RSV sut^up B specific primers in the Giegion w^ incubated 
with aliquots of the recombinant RSV vital genomes and subjected to PGR. The PCRproducts 
were analj^edby electrophoresis on a 1% agarose gel and visualized by staining with ethidium 
bromide. As shown,noI>NA product was producedintbeRT/PC3lreac^ 

15 atemplate. However, a predicted product of 254 base pairs was seea in RTTPCR of RSVB- 
RNA and PGR control of plasmid pRS V-GF DNA as template, indicating the rescued virus 
contained G and F genes derived fiom B9320 virus. 

FIG. 6. Identification of chimericrRSVA2(B-G)byRT/PCRandNorflienib^ 
ofRNAejqpression. FIG. 6A. RT/PCT analysis ofdiimericrRSVA2(B-G), in comparison 

20 with wild-type A2(A2). Virion RNA extracted from rRSVA2(B-G) (lanes 1, 2) and rRS VA2 
(lanes 3,4) was reverse transcribed usmg a primer annealed to (-) sense vRNA in fhe RSV F 
gene in the presence (+) or absence (-) of reverse transcriptase (RT), followed 1^ PGR with a 
primer &ir flanking the B-O ins^on site. No DNA was detected in RT/PCR reverse 
transcriptase (RT) was absent (lanes 2,4). A cDNAfraga3ent,wUch is about lid) bigger 

25 1hecDNAderivedfbomA2,wasproducedfromrRSVA(B-G). This long^ PGR DNA product 
was digested l^Sh/ /restriction mzs^^<iue to th^ lOObpDNA 
size marker is mdicated(M). FIG.6B. NordiemblotanalysisofGmRNAexptession* Hep-2 
cells were mfected with RSV B9320, rRSVA2 and cMmeric rRSVA2(B-G). At 48 hr 
postinfection, total cellular RNA was extracted and electrophoresed on a 1.2% agarose gel 

30 containing formaldehyde. RNA was transfened to HybondNylonmembiane and the filter was 
hybridized with a ^^-labeled oligonucleotide probe specific for A2-G or specific for B9320-G 
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mRKA. Bo1hA2OspedficmidB9320G5pedficl3:ansOT 

O)Mect€dcells.Th0rim*K>fifRNAl]sn^ 

indicated 

FIG. 7- Analysis of protein expression by tRSVA2 (B-G). Hep-2 cells were mock- 
5 infected (lanes 1 , 5), infected with RSV B9320 (lanes 2, 6), rRSVA2 (lanes 3, 7) and rRS V A2 
(B-G) (lanes 4, 8). At 14-18 hr postinfection, infected cells were labeled with ^^S-piomix and 
polypeptides weie inununpprecipitated by goat polyclonal antiserum against RSV A2 strain 
(lanes 1^5) or by mouse polyclonal anlisermn against RSV B9320 strain Qanes 5-8). 
Immunoprecipitated polypeptides wero separated on a 10% BothRSVA2 
10 &;pecificGproteinandRSVB9320sped£lcGpiotdnw€^ 

cells. UseGproteinmigrationisindicatedby^ Mobility offheFl glycoprotein, andN,P, and 
Mis indicated. Molecular sizes a3» shown on the left in kiiodaltons. 

FIG. 8, PlaquemoiphologyofrRSV,rRSVOIG,rRSVA2(B-G)andwild-ty^^ 
(wtA2). Hep-2ceUswereinfectedwitheachvirusandincubatedat35*'Cfor^^ TheceU 
1 5 monolayers were fixed, visualized by immunostaining, and photographed, 

na 9, Growth curve of rRSV, rRSVC4G, wUd-type A2 RSV (wt A2) and chimeric 
rRSVA2(B-G). Hep'2 cells were infected with either virus at a moi of 0.5 and the medium was 
harvested at 24 hr intervals. Thetiterofeadiviruswasdet6rminedindiq>Ucatebyplaqw 
on Hep-2 cells and visualized by imnxunostaimng. 
20 HG. 10. RSVLprotemchargedresidueclusterstargeted&rsite-^^ 

Contiguous char^ amino add residues in dusters were converted to alanines by site-directed 
mutagenesis of the RSV L gene using file QuikChani^ site-directed mutagenesis kit 
(Stratag^). 

FIG, 11. RSV L protein cysteine lesidues targeted for site-directed mutagenesis. 
25 Cystdne residues were converted to alanine-resid^ 

L gene using the QuikCbange site-directed mutagenesis kit (Stratagene). 

riG. 12. Identification RSV M2-2 and SH deletion mutants. Deletions m M2-2 w^ 
generated by Hind IE digestion of pET(S/B) followed by recloning of a remaimng SacI to 
BamXflfiagment into a full-length clone. Deletions in SH were generated by Sac I digestion of 
30 pET(A/S) followed by recloning of aremaining Avr n Sac I fragment into a foU-lengfli done. 
FIG. 12A. Identification of the recovered rRSVASH and rRSVAM2-2 was performed by 



WO 02/44334 PCTAJSOl/44819 



RT/PCR using primer pairs aped^ Fig. 12B 

iRSV ASHAM2-2 was also detected by RT/PCR using primer pairs specific for the M2-2 and 
SHgenes. RT/PC31 products were im cm an edudiumbromi^ 
visualized by idtraviolet (UV) light 

5 no. 13. Structure of rA2AM2-2 genome and recovery of rA2AM2-2. (A). Sequences 

shown is the region of the M2 gene that M2-1 and M2-2 open reading frames overlap. Total of 
234 nt thai encode the C-terminal 78 amino acids of M2-2 was deleted through the introduced 
ffl/irf iff sites (underlined). TheN-teiminal 12 amino acid residues of the M2-2 open reading 
fiame arc maintained as it OYerl^s with the M2-1 gene. (B). RT/PC3EI products of rA2AM2-2 

10 and rA2 viral RNA using primers V1948 and V1581 in the presence (+) or absence (-) of 
reverse transcriptase (KT). The size of the DNA product dmved fiom rA2 or rA2AM2-2 is 
indicated. 

FIG. 14. '^^RNAoqsressLiDnbyrA2AM2-2and£A2. (A). Total RNA was extracted 
fiom rAZ or rA2AN£Z-2 infected Vero cells at 48 hr postinfection, s^aratedl^ electrophoresis 

15 onl2%agaioseQJ2M&nndd6hydeg6lsandt[sns&n[edt^ 

hybridized with a Dig-labeled riboprobe specific for the M2-2, M2-1, F» SH, G or N gene. The 
size of the RNA marker is indicated on the left. (B). Hep-2 and Vero cells wctc infected with 
rA2 or rA2AM2-2 for 24 hr and total cellular KNA was extracted. RNA Northern blot was 
hybridized with a ^^P-labeled riboprobe specific to liie negative sense F gene to detect viral 

20 genomic RNA or a ^P-labeled riboprobe specific to the positive sense F gene to detect viral 
antigenomic RNA and F mRNA The top panel of the Norfhemblot on the right was taken from 
the top porticm of the gel shown in the lower panel and was exposed for 1 week to show 
antigenome. The lower panel of the Northern blot was ^osed for 3 hr to show the F mRNA 
The genome, antigenome, F mRNA and didstronic F-M2 RNA are indicated. 

25 FIG. 15. Viral protein expressioii in rA2AI^-2 and rA2infod:edcd 

infected, rA2M/£2-2 and rA2 mfected Veio cells were metaboUcally labeled with ^S-promix 
(100 |iC]/ml) between 14 to 18 hr postinfection. Cell lysates were prepared for 
immunoprecipitation with goat potyclonal anti-RSV or rabbit polyclonal anti-M2-2 andsera. 
Immunoprecipitated polypeptides wrae separated m a 17.5% polyacrylamide gel containirig 4 

30 M urea and processed fox autoradiogr^hy. The positions of each viral protein are indicated on 
tiie right and tiie molecular weight size maricers are indicated on the left (B). Protein synthesis 
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kinetics in Hep-2 and Veto cells by Western blottix^. Hep-2 and Veco cells were infected with 
£A2oriA2AM2-2andat 10br,24hr, or 48 hrpostin&cdon»to1al infected cdlidar polype^ 
were separated on a 17,5% polyacrylamide gel contaming 4 M urea. Proteins were transferred 
to a nylon niembiane and tiie blot probed with pofydonalantisera against^ or SHas 
S indicated. 

FIG. 16. Plaque nioiphoiogyofrA2AM2-2 and rA2- Hep-2 or VeroceUs were infe^^ 
with£A2AM2-2 oriA2 under semisoUdoverky composed of l%melh^ XLIS 
medium containing 2% FBSfor5 days. Virus plaques were visualized by inununostaini 
a goat polydonal anti-RSV antiserum and photographed undo: microscope. 

10 TIG. 17. GrowthcurvesofrA2AM2-2inHq>-2andVeK>celIs. VeracellsC^^ 

cells (B) were infected mih rA2AM2-2 or tA2 at m.oi. of 0.5, and aliquots of medium were 
harvested ai 24 hr intervals as indicated The vinis titers were d assay in 

Vero cells. Virus titer at each time point is average of two experiments. 

FIG. 18. Norfliem blot analysis of rA2ANSl, rA2ANS2 and rA2ANSlANS2. Total 

15 cdlularRNA was extractedfiomrA2, rA2ANSl, rA2ANS2 andrA2ANSlANS2 infected Vero 
cells at 24 hr postinfection, sq)arated by electrophoresis on 1 2% agaxose/2.2 M formaldehyde 
gels and transfened to nylonmembranes. Eachblot was hybridized with aDig-labeledriboprobe 
specific for the NSl, NS2, or M2-2 gene as indicated 

FIG. 19. Plaque mozphology of deletion mutants. Hep-2 or Vero cells were uifected 

20 with each deletion mutant as indicated under semisolid overlay composed of 1% 
metfaylcellulose and 1 X L15 medium containing 2% FBS for 6 days. Virus plaques were 
visualized by immunostaining wifli a g^at polyclonal anti-RSV antiserum and photographed 
under microscope. 

FIG. 20. GrowtliciniresofiA2ANSl in Vero cells. Vero cells were infect^ 
25 ANfSl or rA2 at nL0.i. of 0.5, and aliquots of medium were harvested at 24 hr intervals as 
indicated Hie virus titers were determined by plaque assay in Vero cells, 

FIG. 21. Growth curves of rA2ANS2 in Vero cells. Vero cells were infected with rA2 
ANS2 or rA2 at m.oi. of 0.5» and aliquots of medium were harvested at 24 hr intervals as 
indicated Ilie virus titers wezedeteonined by plaque assay in Vero cells. 
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FIG.22. G]x>wth(nimsofrA2ASHAM2-2mVero^c^ 
iA2ASHAIv£2-2 or rA2 at OLoi. of 0.5, and aUquots of 
as indicated The virus titers vfeco detaaiined by plaque assay in Veto cells. 

FIG. 23. Kortheni blot analysis of several deletion mutants. Total cellidar BNA was 
S extracted &om Vero cells infected widi each deletionmutant as indicated at 24 br postinfectioii, 
separated by electrophoresis on 1 2% agarose/2.2 M formaldehyde gels aiid transferred to nylon 
membranes. Each blot was hybridized with a Dig-labeled riboprobe specific for the NS1,NS2, 
SH or M2-2 gene as indicated. 

FIG. 24* Growth curves of rA2ANS2AM2-2 in Vero cells. Vero cells were kifected with 
10 IA2ANS2AM2-2 or £A2 at ntoi. of 0.5, and aliquots of rnediimi wm harvested at 24 hr 
intervals as indicated The virus titers were dei^^ 

FIG.25. GrowflicurvesofrA2ANSlANS2mVero cells. Vot cells were 
£A2ANS 1 ANS2 or rA2 atm.ol of O.S, and aUquofs of medium were harvested at24hrintervals 
as in(^irfltftH. The virus tiim were detemiined by plaque assay in Vero cells • 

15 

fig26. Insertion of the G and F genes of RSV B9320 strain into recombinant A2 
strain. The G and F genes of B9320 were amplified by RT/PCR usmg primers that 
contamed Ihe BamH I restriction enzyme sites. A DNA cassette containing the G 

20 and F genes of B9320 was th^ introduced into the pRSV(R/H) subclone using the 
introduced Bgl R restriction enzyme sites that flanked the RSV G and F genes of the 
A2 strain. The cDNAfiBgment containing the G andF genes of B9320 was 
subsequently shuffled into die full-lengtti A2 antigenomic d>NA by ligatmg at the 
Xho I and BamH I sites. Ihe gene start signal of Ihe G gene and the ge^ 

25 oftheFgcaie of B9320 are underlined and the restricti<mfflz^ 
doning are indicated 

Fig. 27. Strain specific expression of the chhncric RSV rA-GiFB and rA-CyPsAm- 
2. A. Vhal RNA expression. Total cellular RNA were extracted from vkus infected 
Vero cells and the Northern blots were hybridized with probes specific to the G or F 
30 gene oferflier subgroup A or subgroups RSV. The M2-2 gene ^qjresffl 

examined by usmg a riboprobe specific to the M2-2 open reading fiame. B. Viral 
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protein Gaqxression. The infected V&co cells were labeled vnSi ^S-meHuonine and 
^S-cysteine and the cell lysate imimint^recipitated with anti-RSV polyclonal 
antibody or and-M2-2 antibody. To detect 1lie G protdn expression, the infected 
cell extracts were subjected to western blottmg using subgroi^ specific monoclonal 
5 antibody against the G protein. Both rA-GgFe and rA-GBFB^M2-2 eaqpressed the 
subgroi^ B specific G and F proteins and retained normal expression of the other 
genes d^ved fiom the subgroup A2 backbone. No M2-2 protein was expressed in 
rA*-OBF2AM2-2 infected cells. Lane 1: tA2, lane 2: rA2AM2-2, lane 3: B9320, lane 

10 Fig. 28. Giowlh kinetics of the chimeric viruses in Ikp-2 and Ygto cells. Hq)-2 or 
Vero cells were infected with viruses in duplicates at moi of either 0.1 or 0.01. At 
24 hours intervals^ (he infected ci|]taire 
determined by plaque assay in Vero cells. 

15 
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25 
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5. DESCRIPTION OF THE INVENTION 

The present invention relates to genetically engineered lecombinaixt RS 
viruses and viial vectors which express heterologous genes or mutated RS viral 
genes or a combination of viral genes derived from different strains of RS virus. 
The invention relates to the construction and use of recombinant negative strand 
RS viral RNA templates i?rfiichmay be used with viral KNA-directed RNA 
polymerase to express heterologous gene products in qypropriate host cells 
and/or to rescue the heterologous ^ne in virus particles. The RNA templates of 
the present innfenlionmt^ be prq)ated by transcription of appnq^^ ' 
sequoices using a DNA-^Ivected RNA polymerase such as bacteriophage T7, T3 
or Sp6 polymerase. Therec(mibinantRNAten:q)latesniaybeusedtotransfect 
contbnious/transfisclsd ceU lines that expr^ 
polymerase protdns allovdng finr complementation. 

The invention is demonstrated by way of woridng examples in which 
infectious RSV is rescued from cDNA containing tie RSV genome in the 
genomic or antigenomic sense introduced into cells expressing the N, P, and L 
proteins of the RSV polymerase complex. The woridng examples further 
demonstrate that e3q)ression of M2-1 expression plasmid is not required for 
recovery of infectious RSV from cDNA which is contrary to what has been 
reported earlier (Collms et al., 1995» Proc. Natl. Acad Sd. USA 92:11563-7). 
Furthermore, the deletion of the M2-ORF2 from recombinant RSV cDNA 
results in tiie rescue of attenuated RSV partides. M2-2-ddeted-RS V is an 
excellent vdiicle to generate chimeric RSV encoding heterologous gene 
products, these diimeric viral vectors and rescued virus particles have utility as 
eiQiression vectors for the expr^sion of heterologous gene products and as live 
attenuated RSV vaccines expressing eiliier RSV antigenic polypeptides or 
antigenic polypeptides of other viruses. 

The invention is further demonstrated by ^y of woildng examples in 
which a cDNA clone whidi contained the complete genome of RSV, in addition 
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to aT7 pTcmioter^ abfipatitis delta vjrus ribozyoie and a T7 tanunator, is used to 
generate an infectious vital particle when co-transfected witb expression vectors 
encoding tbieHP|L proteins of RSV. In addition, the working examples 
describe KNA transcripts of cloned DNA containing the coding region in 

S negative sense orientation — of the chloramphenicol-acetyl-traosferase (CAT) 

gene or the green fluorescent protein (GFP) gene flanked by the S' terminal and 
3' terminal nucleotides of the RSV genome. The working examples further 
demonstrate that an RSV pronioter nmtated to have iiiciease^ 
rescue of mfectious RSV paitides from a full length RSV cDNA witih high 

10 efficiency. These results dranonstrate the successful use of recombmant viral 

negative strand templates and RSV polymerase with increased activity to rescue 
RSV. Tliis system is an exceUent tool to engineer RSV vhruses 
biological properties, SmSx live-attemiated vaccines against RSV, and to use 
recombinant RSV as an eoq^ression vector for tbe expression of hetsx>logous 

15 gene products. 

This invention relates to fte construction and use of recombioant 
negative strand viral RNA templates which may be used with viral RNA- 
diiccted RNA polymerase to express het^logous gene product^ in appropriate 
host cells, to rescue the heterologous gene in virus particles and/or express 

20 mutated or chuneric recombinant negative strand viral RNA t^plates (see U.S. 

Patent No. 5,1 66,057 to Palese et al.^ mcoiporated herem by reference in its 
entirety). In a q^edfic embodiment of the invention, tiaeh^^ 
product is a peptide or protem derived fix)m another sbain of 1^ 
virus. The RNA templates may be in the positive or negative-sense orientation 

25 and are prepared by transcdpticm of q>propriale DNA sequences usmg a DNA- 

directed RNA polymesrase such as bacteriophage T7, T3 the Sp6 polymerase. 

Hie ability to reconstitute RNP's ia vitro allows the design of novel 
chimeric influenza and RSV viruses ^4uch e3q)ress foreign genes. One way to 
achieve this goal involves modifying existing viral genes. For example, the O or 

30 F gene ma^ be modified to contain foreign sequences^ such as the HA gene of 

influenza in its external domains. Where the hetrokgous sequence are epitopes 
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or anfigeDs of patfaog^ these dbixneric viruses may used to induce a 
protective immune response against tiie disease agqnt &om which Hiese 
detCTimaats are derived. For example, a chinicncKNAsiay be constnictedi^ 
which a coding sequence derived from fb& gpl20 coding region of Imman 

5 immunodeficiency virus was inserted into the coding sequence of RSV, and 

chimeric virus produced fiom transfection of this chimeric RNA segment into a 
host cell infected with wild-^rpe RSV. 

M additions modifying genes coding for surface proteins, genes coding 
for nonsurface proteins miQT be altered The latter genes have bera shown to be 

10 assocmited with most of the important ceQuI^ 

systenoL Thus, the indusionofa foreign detiatmiiiant in the O or ^ 
msy - following infection 7 induce an efiecdve cdDular immune response a^dnst 
this determinant Such qn approach may be particularly hdpfid in situat^^ 
which protective immunity heavUy depends on Ihe induction of cellular inomune 

15 responses (e,g -, malaria, etc.). 

The present invention also relates to attenuated recombinant R5V 
produced by introducmg specific mutations in the genome of RSV which results 
in an amino acid change in an RSVprotdn, such as a polymerase protein, which 
results in an attenuated phenotype. 

20 The present invention also further relates to the generation of attenuated 

recombinant RSV produced by introducing specific deletions of viral accessory 
gene(s)eifli6r singly or in combmation. Specifically, the present invention 
relates to ibs generation of attenuated recombinant RSV bearing a deletion of 
dthertheM2-2,SH,NSl,orNS2 viral accessory gene. Additionally, Ihe 

25 present invention sspecifically relates to the generation of attenuated recombinant 

RSV bearing acomfaination ddetion of exthex the jMQ-2/SH voal accessory 
^es, Ihe M2-2/NS2 viral accessory genes, the NS1/NS2 viral accessory genes, 
the NS1/NS2 viral accessory genes, the SHZNSl viral accessory genes, the 
SH/NS2 viral accessory genes, or the SH/NS1/NS2 viral accessory genes. 

30 The invention is demonstrated by way of the working examples 

presented herein in ^ch infectious attenuated RSV is rescued firom RSV 
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cDNA bearing deletions in Ifae M2-2» SH, NSl, or NS2 viial accessory geQe(s) 
ei±er singly or in combinalion. Such Nf2-2,SH,NS1, NS2,M2-2^M2- 
2/NS2, NS1/NS2, SH/NSl, SH/NS2, or SHZNSl/NS2-deleled RSV represent 
excellent vehicles for the generatbn of live attenuated RSV vaccines. 

5 Additionally, such M2-2, SH, NSl, NS2, M2-2/SH, M2-2/NS2, NS1/NS2, 

SH/NSl, SHyNS2, or SH/NSl/NS2-deleted RSV represent excellent vehicles for 
the generadon of chimeric RSV encoding heterologous gene products in place of 
either the M2-2, SH.NS1, NS2, M2-2/SH, M2.2/NS2, NS1/NS2, SH/NSl, 
SH/NS2,orSH/NrSl/NS2gme& These chimeric RSV-based viral vectors and 

10 rescued infectious attenuated virdpartides thus have utiHty^ 

vectors fosr the expressicm of heterologus qbo products and as live attenuated 
RSV vaccines expiessing dther RSV anti^nic polypeptides or antigenic 
polypeptides of heterologous viruses. 

The present mvention further relates to the generation of attenuated 

IS recombinant RSV produced by introducing specific mutations into the M2-1 

gene. SpecificaUy, the present mv^onrdates to the generation of attenuated 
recombinant RSV bearing a mutation of the M2-1 gene introduced by one or 
more techniques^ mcluding, without lunitation, cysteine scauning mutagenesis 
and &tenmnal truncations of the MZ-'l protein. 

20 

fl, CONSTRUCnONOFTHERE COMBTOAm'llNATE^ 

Heterologous gene coding sequences flanked by Ifae complem«t of the 
viral polymerase bmding site^sromotar, ss» ^ conqplement of the 3*-RSV 

25 terDmuorthe3'«*and5-RSVtc9mimmaybeconstn3^^ 

known in the ait Heterologous gene coding sequences niay also be flanked by 
the complem«it of the RSV polymerase binding site/promoter, §^ the leader 
and trailer ^quenceofRSV using techniques known in the art Recombinant 
DNA molecules containing these hybrid sequences can be cloned and 

30 transcribed by a DNA-<Eiected RNA polymerase, such as bacteriophage T7, T3 

orihe Sp6 polymerase and tiie like, to produce the recombinant RNA templates 
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vrbxdx possess the ap{Hx>priate vixal sequoices lliat allow for viral polymerase 
recognitioti and activity. 

In a preferred enibodinieiit of &e present imreotiont tiie heterotogous 
sequences are derived fiomfhe genome of another strain of RSV, e^ the 

S genome of RSV A strain is eng^ieered to include the nucleotide sequences 

encoding die antigenic polypeptides O and F of RSV B strain, or fiagments 
thereof. In such an embodiment of the invendon, heterologous coding 
sequences fiom another strain of RSV can be used to substitute for nucleotide 
sequences encoding antigenic polypqatides of the st^^ 

10 in addition to the antigenic polypq)tidesof1he parent sixain,^ 

recombinant RSV genome is engmeered to express the antigenic polypeptides of 
one» two or more strainsjof RSV. 

In yet another embodiment of the mvendon, the hetraologous sequences 
are derived fiomtiie genome of any sixain of influenza virus. In accordance with 

IS the present invention, tiie heterologous coding sequences of influenza may be 

inserted within a RSV coding sequence such lhat a chimeric gene product is 
expressed which contains the heterologous peptide sequence within the RSV 
viral protein. In either embodiment, the heterologous sequences derived from 
the genome of influenza may include, but are not limited to HA> NA, FBI, PB2» 

20 PA,NSlorNS2. 

In one specific embodiment of the invention, the heterologous sequences 
are derived from the genome of human immunodeficiency virus (HIV), 
preferably human immunodeficiency virus-l or human immunodeficiency virus- 
2. In another embodiment of the invention, the heterologous coding sequences 

25 may be inserted mthinanRSV gene codog sequence such tiiat a chimeric gene 

product is expressed vfbich contains the heterologous peptide sequmce within 
the influenza viral protein. In such an embodiment oftiieinvention, the 
heterologous sequences may also be derived from the genome of a human 
immunodeficiency virus, preferably of human inmmnodeficiency virus-1 or 

30 human immunodeficiency virus-2. 
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In instances whraeby the hetatobgous sequences are HIV-daived« such 
sequences may include, but are not limited to» sequences derived fbom the env 
gene fi,e„ sequences encoding all or part of gpl60, gpl20» and/or gp41), the pel 
g^e (L&u sequences encoding all or part of reverse transcriptase, endonuclease, 

S protease, and/or integrase), the gag geae (jLe., sequences encoding all or part of 

p7, p6, p55, pl7/lg, p24/25) tat, rev, nef, vi^ vpu, vpr, and/or vpx. 

One approach for constructing these hybrid molecules is to insert the 
beterologons coding sequence into a DNA complemeDl of a RSV genomic SNA 
so that the heterologous sequence is flaiiked by the viral sequences lequired for 

1 0 viral polymerase activity; |sS*> the viral polymerase binding site/promoter, 

hereinaft^refisned to as the viral pol^erase binding Inanaltetnative 
approach^ oligpnucleotides encoding the viral polymerase binding aite^ e^., the 
complement of ^ 3'-tenninus or both temuni of the virus genomic segments 
can be ligated to tihe heterologous coding sequence to construct the hybrid 

1 S molecule* The placement of a foreign gene or segment of a foreign gene within 

a target sequence was fbmierly dictated by the presence of appropriate 
restriction enzyme sites within the target sequence. However, recent advances 
in molecular biology have lessened liiis problem greatly. Restriction enzyme 
sites can readily be placed anywhere wxfhin a target sequence 1^ 

20 site-directed mutagaaesis (e,g. . see> for eacample. the techniques described by 

Kunkel, 1985, Proc. Natl. Acad ScL U.S A 82;488). Variations in polymerase 
chain reaction (PGR) technology, desmbed2Qfi& also allow for the spedfic 
insertion of sequmces Q^e., restriction erayme sites) and allow for the fsbcile 
construction of hybrid molecules. Alternatively, PGR reactions could be used to 

25 prq)are recombinant templates without the need of cloning. Forexanq)le,PCR 

reactions could be used to prepare double-stranded DNA molecules containing a 
DNA-directed RNA polymerase promoter (e.g. , bacteriophage T3, T7 or Sp6) 
and the hybrid sequence containing die het^logous gene and the influenza viral 
polymerase binding site. RNA tempht^ could then be transcribed directly fix)m 

30 this recombinant DNA. In yet another embodiment, ±e recombinant RNA 

templates may be prepared by ligatmgRNAs specifying the n^ative polarity of 



-19- 



02/44334 



PCr/USOl/44819 



the heteiolo^us gene and the viral po^meiase biiidmg site using an BNA 
ligase. Sequence requkements for vii^ 

vAnctL may be used in accordance yn&x the invention are described in liie 
subsections below. 

^INSERTION O F THE HETEROLOGOUS GENES 

The gene coding for the L protein contains a single open reading frame. 
Ilie g^nes coding for NO c(»dBin two open reading fr and 2, 

respectively. NSl and NS2 are coded for two genes, NSl and NS2. The 6 
imid F proteins, coded for by sq)arate genes, are the majOT 
oftiieviius, Ck>nsequer(ii7, these proteins are the nmjor targets 
inmiune response after infectioru Insertion of a foreign gene sequence into any 
of these coding xegions could be acconoplished hy either an addition of the 
foreign sequences to be ^pressed or by a complete replacement of the viral 
coding region wilhftefordgn gene or by a partial replacenMuL The 
heterologous sequences inserted into the RSV genome may be any length up to 
approximately 5 kilobases. Complete replacement would probably best be 
accomplished througih the use of PCR-directed mutagenesis. 

Alternatively, a bicistronic mRNA could be constructed to permit 
internal initiation of translation of viral sequences and allow for the expression 
of foreign protein coding sequences fiom the regular tenninal initiation site. 
Altemativelyi abidsttonic mRNA sequence may be constructed wherein the 
vkal sequence is translated from flie regidar terminal open reading frame, while 
the foreign sequence is initiated from an intemd Certain intemflliibosome 
entry site ODRES) sequences may be utilized The IRES sequences wfaidi are 
chosen sluiuld be short enough to not intedGere with RS v^ 
Ihnitadons. Thus, it is prefa:able that llie IRES chosen for sudi a 
approach be no more than SOO nucleotides in length, willi less than 2S0 
nucleotides being preferred Further, it is preferable that the IRES utilized not 
sharesequenceor stnictural homology with picornaviral elements. Preferred 
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IRES dements include, but are not limited to the mammalian BiP IRES and the 
hepatitis C viius IRES. 

b. EXPRESSION OF HETEROLOGOUS GENEPROBUCTS USING 

ia;CQM?INAIST BNA mm^ATE; 

The recombinant tenqplates prepared as described above can be used in a 
variety of ways to express Hbs heterologous ^ne i»:oducts in appropriate host 
cells or to create dumeric viruses that express the heterologous gpoe products. 
In one embodiment, tiie recombinant template can be combined WLth vkal 
polymerase complex purified infia, to produce rKNPs which are infectious. To 
this end, the recombinant ten^late can be transcribed in the presence of the viial 
polymerase complex. Ahenmtively, the recombinant template may be mbced 
wiih or transcribed in the presence of viral polymerase complex prepared using 
recombinant DNA methods fe_.g . see Kingsbury et al., 1987, Virology 156:396- 
403). In yet another embodiment; the recombinant tenq)late can be us^ 
tzansfect apfpmpwto host cells to direct (be esqiression of tte heterologous gme 
imxluct at high levels, IfostceUsysteflms\duch provide for hig^leveb of 
expression include coutixaious cell lines that sappfy viral functions such as cell 
lines superin&cted ynAi RSV> cell lines engineered to canq)lement RS V viral 
ftmctions, etc. 

c PREPARATION OF CHIMERIC 

In order to prepare chiniedc virus, reconstitG^ 
modified RSV RNAs or RNA codmg for fbid^ protdtis may 
trans&ct cells ^dudi are also infected Alternatively, 
the reconstituted RNP prq>arBtions may be znixed ivitfa Ae 
parent virus and used for transfection directly. Following transfection, the no vd 
viruses may be isolated and their genomes identified through hybridization 
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analysis. la additional s^yptoaches described herein 
infectious chimodc virus, rRNPs be repCcated in host cell ^tems that 
express &e RS V or iyifhigaiga viial polymerase proteins (e.p>, in vims/host cell 
expression systems^ transfonned cell lines engineered to express liie polymerase 

5 proteins, etc.), so that infectious cMmeric vinzs are rescued; in this instance, 

helper vinis iieed not be utilized since this function is 
polymerase proteins ^pressed In a particukrly desirable approach, cells 
infected witii rRNPs engineered for all eight mfluenza virus segments may result 
in the production of infectious chimenc virus wMch contain &e 

10 ^notype; thus eliminating the need for a selection system. 

Theoretically, one can replace any one of the genes of RSV, or part of 
any one oftfaeRSVgen^mth the foreign sequ^^ However, a necessary 
part of this equation is the ability to propagate tihe defective virus (defective 
because a normal viral ^ne product is missing or altered). Anumberof 

15 possible dpptoacbes exist tx> circumvent this problem. 

A third approach to propagating the recombinant virus may involve co- 
cultivation with wild-type virus, Hiis could be done by sinq)ly taking 
recombinant virus and co-infecting cells with this and another wild-type virus 
(preferably a vaccine strain). The wild-type virus should complement for the 

20 defective virus gene product and allow growth of both the wild-type and 

recombinant virus* This would be an analogous situation to the propagation of 
defective-interfering particles of influenza virus (Nayak et al,, 1983, In: 
Genetics of IhflueDza Viruses, P. Palese and D. W. Kingsbury, eds., Sprmger- 
V^lag, Vienna, pp. 255-279). Ihthe case of defective-interfering viruses, 

25 conditions can be modified such that the majority of the propagated virus is the 

defective particle rather than the wild-type vkus. Therefore this eipptoasAi may 
be useful in generating higih titer stod^s of tecombinm^ However, these 
stocks would necessarily contain some wild-type virus. 

Alternatively, ^nthetic KNPs may be repUcated in cells co-kfected with 

30 lecombinairt viruses that ejqnress the RS virus polymerase Infect,this 

method may be used to rescue recombinant infectious virus in accordance with 
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theinventiGsn. To 4iis end, IlieRSV virus polymeiaseprot^^ 
many expresdonvectoi/hostcdl system, inchidTHfe but not limited to, viral 
expression vectors fe,g.. vacdnia virus, adenovirus, baculovirus, etc.) or cell 
lines that express the polymerase proteins (e. g>> see Kxystal et aL, 1986, Pioc. 
NatL Acad. ScL USA 83: 2709-2713). 

d«GEP4ERATION OF CHIMERIC VIRUSES 

The melihods of present invoition may be used to introduce mutations or 
heterologous sequences to generate chimeric attenuated viruses which have 
many q)plications, including analysis of RSV molecular biology, pathogenesis, 
and growth and infection properties. In accordance with the present invention, 
mutations or heterologous sequences may be introduced for exan^le into the F 
or O protein coding sequences, NSl, NS2, MlORFl, M20RF2, N, F, or L 
coding sequences. Inyetanofher embodiment of the present invention, a 
particular viral gene, or Ihe eaqiresdon thrno^ may be eliminated to generate an 
attenuated phenotype, Sig» the M ORF maybe deleted fiom the RSV genome to 
generate a recombinant RSV wifli an attenuated phenolype. In yet another 
embodiment, the individual internal genes of human RSV can be replaced hy 
another strains counletpart, or Iheir bovine or murine com Ihismay 
mcludepart or aU of one or more bftheNSliNS2,N, P, M, SH, M2(0RF1), 
M2(ORF2) and L genes or die G and F genes. The RSV genome contains ten 
mRNAs ^coding three transmembrane proteins, G protein, fusion F protein 
required for penetration, and 'die small SH protdn; the nucleocapsid proteins N, 
P and L; transcription elongation &ctor M2 ORF 1; the matrix M protem and 
two nonstructural proteins, NS I and NS2» Any one of the proteins may be 
targeted to generate an attenuated phenotype. Other mutations ^tdiichniay be 
utilized to result in an attenuated phuo^ype are mserdonal, deletional and site 
directed mutations of the leader and ttailer sequences. 

In aoxirdance wiifa die present invention, an attenuated RSV exhi^ 
substantially lower degree of virulence as oom])ared to a wild-type virus, 
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including a slower growth rate^ sadk Ifaat tfie symptoms of viial infection do not 
occiir in an immunized individual. 

In accordance mlii die present invention attmuated reoombroant RS V 
maybe generated by incorporating a broad range of mutations including single 

5 nucleotide cbanges, site-specific miatations, insertions, substitutions, deletions, 

or reairangemmts. These mutations may affect a small segment of the RSV 
genome, S£^ 15 to 30 nucleotides, or large segments of the RSV genome, e^ 
SO to 1000 nucleotides, depending on the nature of the mutadoiL In yet another 
embodiment^ mutatloos are introduced iqpstream or downstream of an existing 

1 0 ds-acting regulatory element in order to ablate its activity, ibm resulting in an 
attenuated phenolype. 

In accordance vrifh the invention, anon-coding regul^^ 
virus can be altered to dowu'^regulate any vital g^ne, reduce transcription of 
its mKNA and/or reduce replication of vSNA (viral SNA), so tliat an attenuated 

15 virus is produced. 

Alterations of non-coding regulatory regions of the viral genome which 
result in down-regulation of replication of a viral gene, and/or down-regulation 
of transcription of a viral gene will result m the production of defective particles 
in eadi round of replicatbi^ particles which package less than the full 

20 complement of vual segments requned for a fidly infectious, pathogenic virus. 

Therefore, the alteied virus will demonstrate attenuated characteristics m that 
the virus will shed mcne defective parddes than wild type particles in each 
round of replicatiorL However, smce the amount of protein synlhesdzed in each 
round is similar for both wild type virus and the defective particles, such 

25 attenuated viruses are cggwble of inducing a good imimine response. 

The foregoing approach is equally i^Iicable to both segmented and non- 
segmented viruses, where the down regolation of transcrq)tion of a viral gene 
will reduce the production of its mKNA and the encoded gene product Where 
the viral gene encodes a structural protein, Sigi> a capsid, matrix, surface or 

30 envelope protein, the number of particles produced during replication will be 

reduced so that the altered virus demonstrates attenua t ed characteristics; e, g., a 
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titer \^ch results in subclim For example, a decrease in 

vkal capsid e2q)i:essioii -mil reduce fb& mmhcr of nucleocapsids packaged 
during replication, yfbsr^ a decrease in expression of tibe envelope protein may 
reduce the number and/or infectivity of progeny virions. Alternatively, a 

S decrease in expression of tiie viral enemies required for replication, e.g.. the 

polymerase, replicase, helicase, and the like, should decrease the number of 
progeny genomes generated during replication. Since ibe number of mfectious 
partides produced during rq[)UcatLon are reduced, ^ altered vin 
demonstrated attenuated characteristics. Ifowever, the numb^ of antigenic virus 

10 particles produced vnH be suffident to induce a vigorous immune response. 

An alternative way to engineer attenuated viruses involves tiie 
hitroduction of an alteratiojo, mduding but not limited to an ins^on, deletion 
or substitution of one or more amino acid residues and/or epitopes into one or 
more ofihe viral proteins. This may be readily accomplished by enghieering the 

15 appropriate alteration into tiie corresponding viral gene sequence. Any change 

that alters the activiiy of the viral protein so that viral rq)Ucatio^ 
reduced may be accomplished in accordance witii the mvention. 

For example, alterations that mlerfi^ witii but do not con^letely abolish 
vu-al attachment to host ceU receptors and ensumg infection can be engnieered 

20 into viral sur&ce antigens or viral proteases involved in processing to produce 

an attenuated straiiL Aoconling to this embodiment, viral surfiice antigens can 
be modified to contain insertions, substitution or deletions of one or more amino 
acids or epitopes that interfere with or reduce the binding afiSni^ 
antigen &r the host cell receptors. This approach o£Eers an added advantage in 

25 tiiat a chimeric virus which eaqpresses a fbrdgn qntope may be produced which 

also demonstrates attenuated characteristics. Such viruses axe ideal candidates 
for vise as live recombmant vaccines. For €xanq>le, heterologous g^e sequences 
that can be engineered into tiie chimeric viruses of tiie invention include, but are 
not limited to, epitopes of human immunodeficiency virus (HIV) such as ^120; 

30 hepatitis B virus sui&ce anti^ (HBsAg); die glycoproteins of herpes virus 
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(g^ gD, gE); VFl of poliovirus; andmtigemc detenniiiaiits of nonviial 
pa±ogeiis such as bacteim and paiasi^ 

In this legaid, lUSV is an ideal system in 
q)itopes, because the ability to select ftom thousands of virus variants for 
constructing cfaimeiic viruses obviates the problem of host resistance or immune 
tolerance encountered ^en using other virus vectors such as vacdn^ In 
anoth^ embodiment, alterations of viral proteases required for processing viral 
proteins can be engineered to produce attenuation. Alterations which a£fect 
CT?ymft flctfyhy mid Tender ihe enzyme less effident in processing^ould affect 
viial in&ctivily, packagmg, and/or release to produce an attenuated virus, 

in another embodiment, viral en^mes involved in viral replication and 
transcription of viral gates, s£:^ viral polymetases, leplicases^ helicases, eto. 
tttiy lie altered m that fee enzyme is les^ Reduction in such 

enzyme activity may result in the jmxluction of fewer pro^iKy genomes and/or 
viral transcripts so that fewer in&ctious partides are produced 
replication. 

The alterations engineered into any of the viral enzymes include but are 
not limited to insertions, deletions and substitutions in the amino acid sequence 
of the active site of the molecule. For example, the binding site of the enzyme 
could be altered so that its binding afiSnity for substrate is reduced, and as a 
result, Ihe exuyoie is less specific and/or efiScient For example, a target of 
choice is the viral polymerase complex since temperature sensitive mutations 
exist in all polymerase proteins. Thus, dianges introduced into the amino acid 
positions associated vvith such temperature sensitivity can be engin^^ 
viral polymerase gene so ti»t an attenuated stcain is produced 

L TBDB RSV L GENE AS A 
TARGET FOR ATTEWDATION 

In accordance with the pres<^ invention, the RSV L gene is an important 
target to generate recombinant RSV with an attenuated phenols^ IlieLgene 
represents 48% ofthe entire RSV genome. The preset invention encompasses 
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generatixig L gene mutBols vnHk defined mutations or tandom mutations in the 
RSVLgene. Anymzniberof1ecluuqx26slaK>i7mtotho^ 
be used to generate both defined or random mutations into the ^ V L gene. 
Once the mutations have been introduced, the functionality of the L gene cDNA 
S mulants aie screened jn vitro using a minigenome replication system and the 

recoveredL gene mutants are then further analv2ed in vitro and in vivo , 

Ihe following strategies are exemplary of the approadies ^ch may be 
used to generate mutants with an attenuated phmotype* Furtheri the following 
strategies as described below have been applied to the L gene only by w^ of 

10 example and may also be applied to any of the odier RSV genes. 

One approach to gmeFBte mutants wiifa an attenuated pfaenolype utilizes 
a scanning mutagwesis approach to mutate clusters of charged ammo acids to 
alanines. This e^pioach is particularly effective in target^ 
since the clusters of chmged amino acids g^erally are not found buried wi&in 

IS the protdn structure. Replacmg the charged amino adds with coxiservative 

substitutions, such as neutral amino acids^ e^ alanine, should not grossly alter 
the structure of the protein but rather, should alter the activity of the functional 
domain of the protein. Thus, disruption ofcharged clusters shodd interfere wi& 
the ability of that protein to interact wi& other proteins, thus making the mutated 

20 protdn*s activity thezmosensitive which can yield tonq>erature sensitive mutants. 

A cluster of charged amino acids may be arbitrBrily defiboed as a stretch 
of five amino adds in which at least two or more residues are charged residues. 
In accordance wilh the scanning mutagenesis ^rproach all of the diarged' 
residues in the cluster are mutated to alanines using site-directed mutagenesis. 

25 Due to the large site oftfae RSV Lgene^ there are n:ianydu5tereddi^^ 

residues. Wittin the Lgaie, Aero axe at least two dustra of jfourcon^ 
diaiged residues and at least sevrateen dusters of three contiguous charged 
residues. At least two to four ofthe charged residues in each cluster may be 
substituted with a neutral amino add, e. g.^ alanine. 

30 In yet another q>proach to generate mutants with an attenuated 

phenotype utilizes a scanning mutagenesis q^proach to mutate cysteines to 
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ainiiio acids, such as glycines osr alanines. SiKih an qiproach takes advantage of 
the fiequeotrob of cysteines in inti^^ 

fdmations, Urns by miitating cysteines to another reside such as a conservative 
substitution valine or alamne, or a drastic substitution aspartic acid, the 
stabilily and function of a protein may be altered due to disruption of the 
protein's tertiary structure. There are approximately thirty-nine q^inere^^ 
present in the RSV L gene. 

In yet another approach random mutagenesis of the RSV L gene will 
cover residues oflier than charged or cysteines. Since the RSV L gene is very 
large, sudiantQ^proachmaybeacconqplishedb^ 

fiagmentsoftheL gene by PGR mutagenesis. The funcdonali^ of such mutants 
msy be screened by a mmigenomc replication syst^ and the recovered mutants 
are then fiirtfaer anal^:ed ffl and ffl 3dx&- 

c.VACaWE FORMOLATIONS 

Virtually any heterologous gene sequence may be constructed into the 
chimeric vkusesoftfae invention for use in vaccu^^ Inapreferxed 
embodiment, the present invention relates to bivalent RSV'vaccmes whidi 
confers protection against RSV-A and RSV-B. To formulate such a vaccine, a 
chimeric RS vinis is used v^ch expresses the antig^ 
RSV-A and RSV-B subtypes. ]n yet another preferred embodunent, the present 
invention relates to a bivalent vaccine v^ch confers protecticm again^ both 
RSV and influenza. To formulate such a vaccme, a chimeric RSvffus is used 
v^ch expresses the antigenic polypeptides of both RSV and influenz a. 

Preferably, epitopes that induce a protective immune response to any of a 
variety of pa&ogens, or antigens tiiat bind neutralizing antibodies may be 
e3q>ressed by or as part of the chimeric viruses. For exarnqple, heterologous gene 
sequences that can be constructed into the chimeric viruses of the invention for 
use in vaccines indude but are not limited to sequences derived finom a human 
itnim modfifieiepcy virus (HIV)^ preferably type 1 or type 2. Inaprefered 
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einbodimeiit» an immnnogenic HIV-derived peptide ^^ch may be the source of 

an antigw inay be constructed into 

used to elicit a vertebrate inunune response. 

Sucb HTV-^erived peptides may indude, but are not limited to sequences 
S derived &om tiie env gene (I.e.. sequences encoding aU or part of gpl60, gpl20, 

and/or gp41X the pol gene fi.e.. sequences encoding all or part of reverse 
transcriptase^ endonuclease, protease, and/or integrase), the gag gene fi,e.> 
sequences ^coding all or part of p7, p6, p5S, pl7/18, p24/25X tai^ xev, ne^ vif, 
vpu, ypr, and/or vpx. 

10 Other heterologous sequences may be derived fixmi hepatitis B virus 

surfece antigen OElBsAg); the glycoproteans of herpes virus C&g. gD, gE); VPl of 
poliovirus; antigenic determinants of non-vixal pathogens such as bacteria and 
parasites, to name but a &w. In anotharenibodinient, all or portions of 
immunoglobulin genes may be eaqpressed. For example, variable regions of anti- 

1 S idiotypic immunoglobulins that mimic such q>itopes may be constructed into the 

chimeric viruses of the invention. 

Either a live recombinant viral vaccine or an inactivated recombinant 
viral vaccine can be formulated A live vaccine may be preferred because 
multipUcotion in the host leads to a prolonged stimulus of similar land a^^ 

20 inagoitude to that occurring in natural infections, ai^ 

substantial, long-lasting immunity. Production of such live recombmant virus 
vacdne fimnulations may be acconqdiahed using conventional methods 
involving prppa^on of ^ virus in cell culture or hi the allantois of the chide 
embryo followed by purificatioa 

25 In Hob r^;ard, the use of genetically engineered RSV (vectors) for 

vacdne puiposes may require the p»sence of 

strains. Current live influenza virus vaccine candidates for use in humans are 
eilhexcold adapted, teniperature sensitive, or pa^iaged so that they d^ive 
several (six) genes from avian influenza viruses, \^ch results in attemiadon. 
30 The introduction of appiopnato mutations (g^., deletions) into tixe templates 

used for transfection may provide the novel viruses widi attenuation 
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characteristics. For exan^le, specific misseDsemiitatios^ 

ynSi temperature sensitivity or cold adaption can be made into del^on 

mutations. Ibese mutations shouM be iaoi?e stable llianll^ 

associated cold or temperature-sensitive mutants and reversion frequencies 

5 should be eadremely low. 

Alternatively, chimeric viruses with "suicide" characteristics may be 
constructed. Such viruses would go through only one or a few rounds of 
replication in tiie host When used as a vaccine, the recombinant virus would go 
through a single replication cycle and induce a sufSdent level of immune 

10 t^pcnisebutitwGuldnotgofixrtheri^ 

Recombinant viruses laddng one or more of the essential RS vims genes would 
not be able to undergo siiccesitive rounds of replication. Such defective viruses 
can be produced by co^tiansfecting reconstituted RNPs laddng a specific 
gene(s) into ceU lines which pennanenflyexprera Viruses lacking 

1 S an essential gene(s) will be rqplicated in these cell Imes but when administered 

to the human host will not be able to complete a round of replication* Such 
preparations may transcribe and translate -in this abortive cycle — a sufficient 
number of genes to induce an immune response. Alternatively, larger quantities 
of the strains could be administered, so that these preparations serve as 

20 ^ inactivated (killed) virus vaccines. For inactivated vaccines, it is preferred that 
the heterologous gene product be expressed as a vkal component, so tiiat the 
gene product is associated with the virion. The advanta^ of such preparations 
is that Ihqr contain native pioteins and do not undergo inactivation by treatment 
widi fbmialin or other agenis used hi the manu&^turu^ 

25 In anoth^mibodmientofthis aspect of the invention^ 

VBcdne formulations may be ptepaxcd usmg conventional techniques to ^Idll" 
the chimeric viruses, l^iactivatedvaccmes are "dead" m the sense tii^ 
mfectivity has been destroyed. Ideally, the infectivity of the vhiis is destroyed 
without affecting its immunogenicity. In order to prepare inactivated vaccines, 

30 the chimeric virus may be grown in cell culture or in the allantois of the chick 

embryo, purified by zonal ultracentrifiig^on, inactivated by formaldehyde or P- 
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propiolactone, and pooled The i^idtbg vaccine is usoaUyinocula^ 
mtramuscolarfy. 

Inactivated viruses majr be formnkted with a suitable ac^uvant in order 
to enhance the immimolo^cal response. Such adjnvaiits may include but are not 

5 limited to mineral gels, e^g., aluminum hydroxide; surface active substances 

such as lysolecithin* pluronic polyols, polyanions; peptides; oil emulsions; and 
potentially useful human adjuvants sudi as BCG and Coiynebacterium parvum. 

Mmy methods may be used to hxtroduce the vaccine formulations 
described above, these include but are not limited to Drai, intradermal, 

10 intramuscular^ intrq)mtone8l, intravenous, subcutaneous, and intranasal routes. 

It msy be preferable to introduce the chimeric virus vaccine fimnuMon via the 
natural route of infixti.oa of the pathogen for vMcb. the vaccine is designed 
Where a live chimeric virus 'wcine prq)aration is used, it may be preferable to 
introduce the formulation via the natuml route of infection for influenza virus. 

15 The ability of RSV and influenza virus to induce a vigorous secretory and 

cellular immune response can be used advantageously. For example, infection 
of the respiratory tract by chimeric RSV or influenza viruses may induce a 
strong seoetory immime response, for exan^le in the urogenital system, with 
concomitant protection against a particular disease causing agent 

20 The following sections describe by way" of example, and not by 

limitation, the manipulation of tiie ni^[ative strand SNA viral geiumies usmg 
RSV as an example to demonstrate the applicability of the methods of Use 
present invention to generate chimeric viruses for tiie purposes of heterologous 
gene expression, genoating infectious vual particles and attenuated viral 

25 particles fertile purposes of vacdnatioDL 

6. RESCUE OB* INFECTIOUS RESPIRATORY 
SYNCYTIALVIRUSES (RSV) USING RNA 
DERIVED BROM SPECIFIC RECOMBINANT PNAS 

30 Tbis example describes a process for tiie rescue of infectious respiratory 

syncytial virus (RSV), derived from recombinant cDNAs encoding tiie entire 
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RSV KNA genome into stable and infecdoua RSVs, as noted in Secdoa S above. 
The method described may be qqplied to both segmented and non-segmented 
RNA viruses, including orfhomyxoviruSj patamyxoviros, Sig^ Sendai virus, 
parainfluenza virus lypes 1-4, mumps, newcastle disease virus; morbillivirus, 

5 e>g., measles, canine distemper virus, rindapest virus; pneumovirusa 

respiratory syncytial virus; ihabdovirus, s&a rabies, vesiculovirus, vesicular 
stomatitis virus; but is described by way of example in terms of RSV. This 
process can be used in the production of chimeric RSV viruses which can 
express foreign genes, iSu genes non-nadve to RSV, including other viral 

10 pro^ns such as the HIV env protein. Another exenQ)lary way to achievre the 
production of chimeric RSV involves modi^^ existmg, native RSV g^es, as 
is fimfa^ desGoibed. Accmidingly, this example also describes the ut^ 
process in the directed attsemmdon of RSV pathogeoidQr, resulting in production 
of a vaccine with defined, enguieered biological properties for use in humans, 

15 The first step of the rescue process involving tiie entire RSV RNA 

genome requires synlhesis of a full leng& copy of the 15 kilobase (Kb) genome 
of RSV strain A2. This is acconqjlidied by splicing together subgenomic 
double strand cDNAs (using standard procedures for genetic manipulation) 
rangmg in size from 1 kb-3.5 kb, to form the complete genomic cDNA. 

20 Determination of the nucleotide sequence of the genomic cDNA allows 

idendficatton of errors introduced during the assembly process; errors can be 
corrected by site duected mutagenesis, or hy substitution of the mor region with 
a piece of chemically synthesized double strand DNA. Following assembly, Ihe 
genomic cDNA is positioned adjacent to a transcriptional promoter (e.g., the T7 

25 promoter) at one end and DNA sequence winch allows transcriptional 

jgrmiTifttion "^be fither endj ^ g , a specific mdomiclease or a libozyme, to 
allow synthesis of a plus or nsinus sense RNA cqpy of the conqplete virus 
^ome2nvfl>Y) or in cultured cells. The leader or trails sequmces may contain 
additional sequences as deshed^ such as flflTi1dn£ ribozyme and tandem T7 

30 transcriptional terminators* The ribozyme can be a hepatitis delta virus 
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nbozyme or a hammetfaea^ 
of non-viral nucleotides. 

la accordance vnfii Hiis aspect of the inventiQn, mirtations, Slibstitiifioiis 
or deletions can be made to the native RSV genomic sequence whidi results in 

5 an increase in RSV promoter activity. Applicants have demonstrated that even 

an increase in RSV promoter activity greatly eohances the efficiency of rescue of 
RSV, alloi^ving for fhe rescue of infectious RSV particles firom a full-length RSV 
cDNA carrying the mutation. In particular, a point mutation at position 4 of the 
genome (C to G) results in a sevetal fold increase in promoter activity and the 

10 rescue of mfectious viral partides jBx>m a fiiU-Ienglh RSV cDNA clone carrying 
the mutation. 

The rescue process.utilizes ike interaction of fiiU-lengtii RSV strain A2 
genome RKA, vAdch is transcribed fiomthe constructed cDNA, with helper 
RSV subgroq) B virus proteins inside cultured cells. This can be accomplished 

15 in a number of ways. For example, full-length virus genomic RNA firom RSV 

strain A2 can be transcribed in vitro and tcansfected into RSV strain B9320 
infected cells, such as 293 cells using standard transfection protocols. In 
addition, in vitro transcribed genomic RNA fiom RSV strain A2 can be 
trans&cted into a ceU line expressing the essential RjSV s^ 

20 tiie absence of helper virus) fiom stably integrated vhns genes. 

Alternatively, in viiro transcribed virus gencmie RNA (RSV strain A2) 
can also be tran^fected iiito cdb infected with a hd 

particular vaccmia virus) expressmg the essratial helper RSV strain A2 protems, 
speciBcallytiieN»P,L and/or M2-ORFlprotdns. In addition the in v/tro 

25 transcribed genoinic RNA may be trarisfeded into cells mfectedwi^ 

heterologous virus, for exan^)le vaccinia vhiss, expressing T7 polymerase, 
which enables expression of helper protems £t>m transfected plasmid DNAs 
containing the he^)erN, P, and L genes. 

As an ahsemative to transfection of in vitro transcribe genomic RNA, 

30 plasmid DNA containing the entire RSV cDNA construct may be transfected 

into cells infected with a heterobgous virus» for exanq>le vaccmia virus» 
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esiptessing Ibe essenixd hdpe^ 

thereby cnabliag transcciption of the entiie RSV genomic BNA &>m the plasmi d 
DNAcQntaininglheRSVcDNAcoa^^ The vacdnia virus need not 
however, supply the helper proteins -Qiemselves but only the T7 polymerase; 
5 then helper proteins may be expressed &om trans&cted plasmids containing the 

RSV N, P, and L genes, appropriately positioned adjacent to their own T7 
promoters. 

When replicating virus is providing Ihe helper function during rescue 
experiments, ihe B9320 strain of RSV is used, allowing difiiwentiation of 

10 progeny rescue directed against RSV B9320. Rescued RSV strain A2 is 

positively identified 1^ die presence of specific nucleotide 'marker' sequences 
inserted in the cDNA copy of the RSV genome prior to rescue. 

The estBiblishinent of a rescue system for native, le., 'wild-type' RSV 
strain A2 allows modifications to be introduced mto the cDNA copy of the RSV 

IS genome to construct dbimeric RSV containing sequences heterologpiis in some 

manner to that of native RSV, such that the resulting rescued virus may be 
attenuated in pathogenicity to provide a safe and ef&cadous human vaccine as 
discussed in Section 5.4 above. The genetic altearations reqdred to cause virus 
attenuation may be gross (e,g., translocation of whole genes and/or regulatory 

20 sequences within the virus genomeX or minor- (e,g., single or multiple nucleotide 

substitution(sX addition(s) and/or deletion(s) in key regulatory or functional 
domaim within the virus genome)i as further described m 

In addition to alteEation(s) (induding alteration resulting fitnn 
translocation) of die RSV genetic mab^ial to provide heterologous sequence, 

25 this process permits the insertion of 'foreign' genes (i.e., genes non-native to 

RSV) or genetic conqponents tiiereof exhifaxdng biological function or 
antigenicity in such a way as to give expression of these genetic elements; in tins 
way the modified, diimraic RSV can act as an espression system for other 
heterologous protems or genetic elements, such as ribozymes, anti-^sense RKA, 

30 specific oligoribonucleotides, with prophylactic or therapeutic potential, or other 

viral proteins for vaccine purposes. 
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8. RESCm OF im LEADER AND TlUn^ 

STRAIN A2 USING »SV OTRAIN B932 0 AS HELPER VIRUS 

L VIRUSES Am rRY.¥>S 

Altiiougii RSV sbain A2 and RS V strain B9320 we used in this 
Example, tiieyaiieexenaiid^ ItiswiflunlheskiUmlliearttouseotiberst^^ 
of RSV subgroiq) A and RSV subgroup B viruses in accordance widi the 
teachings of this Example. Methods i;!diich employ such other strains are 
encompassed by die invemion. 

RSV strain A2 and RSV strain B9320 were grown in Hep-2 cells and 
Vero cells respecdveiy, and 293 cells were used as host during 
transfection/rescue expdiMents. All three cell lines were obtained £:om die 
ATCC ^ckville. Maryland). 

il CONSTRUCTION AND FUNCTIONAL 
ANALYSIS OFREPORTERPLASMIDS 

Plasmid pRSVA2CAT (Fi^. 1) was constructed as described below. 

The cDNAs of the 44 nucleotide leader and 155 nucleotide trailer 
components of RSV strain A2 (see Mink et al.. Virology 185:615-^24 (1991); 
Collins et al., Proc. Natl. Acad. Sci. 88:^663-9667 (1991)), the trailer 
contponent also including the promote consensus sequence of bacteriophage T7 
polymerase, were sqsarately assembled by controlled nmiealiTig of 
oligonucleotides with partial overlappmg conq>lementari1y (see Fig. 1). The? 
oligonucleotides used in the fltinftfllitig were syn&esized on an applied 
Biosystmis DNA synthesizer (jPosto Ci^, CA). The separate oligonucleotides 
and their relative positions in the leader and trailer sequences axe indicated in 
Fig. 1. The oli^ucleotides used to construct die leader were: 

1. 5'CGA CGC ATA TTA CGC QAA AAA ATG COT 
ACA ACA AAC TTG CAT AAA C 
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2. 5'CAAAAAAATGGGGCAAATAAGAATTTQ 
ATA AGT ACC ACTTAA AIT TAA CT 

3. yCTA GAG TTA AAT TTA AGT GGT ACT 

4. . STAT CAA ATT CTT ATI TGCCCC ATT TIT TTG 
5 GTTTATGCAAGTTTGTTOTA 

5. 5'CGCATTTTTTCGCGTAATATGCGTCQGTAC 
The oligpnudeotides used to construct the trailer were: 

1. S'GTATTC AAT TAT AGT TAT TAA AAA TTA AAA 
ATC ATA TAA TTT TTT AAA TA 
10 2. 5'ACTTTTAGTQAACTAATCCTAAAGTTATCA 

TIT TAA TCT TGG AGG AAT AA 

3. 5'ATTTAAACCCTAATCTAATTGGTTTATATG 
TGT ATT AAC TAA ATT ACG AG 

4. S'ATATTAGTrTTrGACACTTTTTTTCTCGTT 
15 ATA GTG AGT CGT ATT A 

5. 5'AGCTTAATAGGACTCACTATAACGA 

6. 5'GAA AAA AAG TGT CAA AAA CTA ATA TCT 
CGT AAT TTA GTT AAT AC A CAT AT 

7. 5'AAACCAATTAGATTAGGGrrrAAArrrATT 
20 CCTCCAAOATTAAAATGATA 

8. yACTTTAGGATTAGTTCACTAAAAGTTA'ITT 
AAA AAA TTA TAT GAT TTT TA 

9. 5'ATTTTTAATAACTATAATTOAATACTGCA 
The complete leader and trailer cDNAs were then Ugal^ 

25 diaamjbBtdcoU^^ 

respectively to form a linear - 1 kb RSV/C AT cDNA constroct This cDNA 
construct then Ugated into the Kpn I and Hind n sites of pUC19. The 
integrity of the final pRSVA2CAT construct wis checked by gel analysis for the 
size of the Xbal/Pst I and KpttMHindU digestion products. Theconq)lete 

30 leader and trailer cDNAs were also ligated to the green fluorescent protein 

(GFP) ^ne using approimate restriction axsyioB sites to &nn a linear cDNA 
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construct TheiesultingRSV-OFP^^Tisabidstromcie^ 
which expresses both CAT and GFP. 

In vitro transcription of I linearized pRSVA2CAT with 
bacteriophage T7 polymerase was performed according to tiie T7 supplier 
protocol (Promega Corporation, Madison, Wisconsin). Confluent 293 cells in 
six-well dishes (-1x10^ cells pa: well) were infected with RSV strain B9320 at 1 
plaque formizig units (p.£u.) per cell and 1 hour later were transfected with 5-10 
^gofthe /II vOiro transcribed IQ^A from the pRSVA2CATcon^ The 
trans&ctLon procedure followed the transfection procedure of Collms et aL, 
Virology 195:252-256 (1993) and employed Tcansed/ACT™ and Qpti-MEM 
reagents according to the manu&cturers spedfications (Oibco-BRL, Betbesda, 
Maryland). At 24 hours post-infection the 293 cells were assayed for CAT 
activity using a standard protocol (Current Protocols in Molecular Biology, Vol. 
1, (Chapter 9.6.2; Gorman, et al,, 1982) MoL Cell Biol. 2: 1044-1051). The 
detection of high levels of CAT activity indicated that fn vitro transcribed 
negative sense RNA containing the leader' and trailer' regions of the RSV A2 
strain genome and the CAT gene can be racapsidated, lepUcated and expressed 
using proteins sxq)plied by RSV strain B9320 (See Fig* 2). ThelevelofCAT 
activity observed in these experiments was at least as high as that observed in 
similar rescue experiments vibsx^ homologous RSV strain A2 was used as 
helpervhrus. The abiUty of an antig^ca^distmct subgroup BKSVstr^ 
B9320 to siqjport the enc^sidadon, replicatian and transcriptbn of a subgroup 
A RSV strain A2 RNA has to our knowledge hitherto not been feimally 
reported. 

b. CONSTRUCTION OF A cDNA REPRESENTING 
THE COMPLETE GENOME OF RSV 

To obtain a template for cDN A syndiesis,' RSV genooodc RNA,' 
conopiising 1 5;Z22 nucleotides, was purified fiom infected Hep-2 cells 
accotding to tiie mdhod described by Ward et aL» J. QesL YltdL §Ar. 1 67- 1 876 
(19S3)* Bdsed on Ihe published nucleotide sequence of RSV^ oligonucleotides 
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WBie synthesized using an Applied Biosystems DNA synthesizer (Applied 
Biosystems, Foster City, CA) to act as primers for first and second strand cDNA 
synthesis fiom the gnomic KNAteiii^late. The nacleotide sequences and the 
relative positions of the cDNA primers and key endomiclease sites ^dthin tibe 
RSV genome are indicated in Fig. 3. The production of cDNAs from virus 
genomic RNA was carried out according to the reverse transcription/polymerase 
chain reaction (RT/PCR) protocol of Peridn Elmer Corporation, Norwalk, 
Connecticut (see also Wang et aL, (1989) Proc. Natl. Acad. Sci. 86:9717-9721); 
the amplified cDNAs were purified by electroelutiQn of the appropriate DNA 
band firam agarose gels. Purified DNA was ligatcd directly into the pCRJDL 
plasmid vector ^vitiogen Corp. San Diego), and transformed into either *Qne 
Shot R coU cells (bivitrog^) or 'SURE* K coU cells (Stratagen^ San Di^o). 
Theiesulling^ cloned, virus specific, cDNAs were assembled by standard 
cloning techniques (Sambrook et aL, Molecular Qoning - A Laboratory Manual, 
Cold Spring Harbor laboratory Press (Cold Spring Haibor, NY, 1989) to 
produce a cDNA spanning the conq>leteRSY genome. Tbe entire cDNA . 
genome was sequenced, and incorrect sequences were r^laced by either dte- 
diiected mutagenesis or chemioally synliiesized DNA. Nucleotide substitutions 
were introduced at bases 7291 and 7294 (with base number 1 being at the start 
of the genomic RNA 3' end) in the T' gene, to produce a novel Stu I 
endonudease site, and at positions 7423, 7424, and 7425 (also in tiie F gene) to 
produce a novel Pme I site, lliese changes were designed to act as definitive 
markers fi>r rescue events. The bacteriophage T7 polymerase and the Hga I 
endomiclease site were placed at opposite ends of the virus genome cDNA sudi 
that dth^ negative or positive sense vmis genome 
vitro. The cDNAs representing the T7polyinerase promoter sequence and ti^ 
recognitioa sequence for Hg^I wm synthesized on an Applied Biosystems 
DNA synthesizer and were separately ligated to tihe ends of the vims genome 
cDNA, or were added as an integral part of PCR primOT during amplification of 
the terminal portion of the genome cDN A, where tqjpropriate; the latter 
procedure was used when suitable endonuclease sites near the genome cDNA 
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tennim were abscait, pre^^ 

promoter/Hga I site gDNA to iJie genome cDNA^ This complete construct 
(genome cDNA and flanking T7 promoter/Hga I lecognition sequence) was then 
cloned into the Kpn I/Not I sites of the Bluescmpt II SK pliagemid (Stratagene, 

5 San Diego) jfirom which the aidogenous T7 promoter has been removed by site- 

directed mutagenesis. RNA transcribed from this complete genome construct 
may be rescued using RS V subgroup B help^ virus to give infectious RSV in 
accordance wiHi Example 6.1. This basic rescue system for the complete native, 
le., "wild^-^rpe' RSV A2 strain genomic BNA can be employed to introduce a 

10 . variety ofmodifications into tliecDNAcop)^ of llie genome r^ 

introduction ofheterologous sequences into flie genome, Sudi chastges can be 
designed to reduce viral p^iogenicitsr widiout restricting VITUS tcplicatioii to & 
point vidiere rescue becomes iiiqx>ssible or 
insniffideDt to stinralate adequate immm^ 

15 IliefoUovniigoligonTideotides were used to construct the ribozy^ 

terminator sequence: 
5'GGT*GGCCGOCAT0GTCCCAGC 
3'CCA CCGGCCGTACXIAGGGTCG 

20 CTCGCTGGCGCCGGCTGGGCAACA 
GAGCGACX»CGGCCGACCCGTGTG 

TTCCGAGGGQACCGTCCCCTOGGT 
AAGGCTCCX3CTQ0CAGGGGAGCCA 

25 

AATGGCGAATGGQACGTCGACAGC 
TTACCGCTTACCCTGCAGCTGTCG 

TAACAAAGCCCGAAGGAAGCT 
30 ATTGTTTCGGGCTTCCTTCGA 
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GAGTTQCTGCTGCCACCGTTG 
CrCAACQACGACXSGAGGCAAC 

AGCAATAACTAGATAACCTTGGG 
5 TCGTrATTGATCTATTGGAACCC 

CCTCTAAACGGGTCTTGAGGGTCT 
GGAGATTTGCCCAOAACTCCCAQA 

10 TnTGCTGAAAGGAOGAACTA 
AAAACmCTTTCCTCCTTGAT 

TATGCGGCCGCGTCGACOGTA 
ATACGCCGGCGEAGCTGCCAT 

15 

CCGGGCCCGCCrrCGAAG3' 
GGCCCGGGCGGAAGCTTC5' 



A cDNA clone containing the complete genome of RSV a T7 promoter, 
20 a hepatitis delta vinisribozyme and a T7tenninator was gener^ This 

constnict can be used to ^ieratB aiidseiuaii^ 
presence of TTpofymerase. Sequence aoalyas indicated that fheplasinid 
contained &w mutations in KSV genome. 

25 mmss^nsmmjmsss. 

worn 

Modifications of the RSV KNA genome can contprise gross alterations 
of the genetic structme of RSV, such as gene shu£Qing. For example^ the RSV 
M2 gene can be translocated to a position closer to the 5' end of the graiome, in 
(jcderto take advantage of die known 3' to 5' gradimt in virus gene expression, 
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resulting in reduced levels of MZ protein expression in infected cells and thereby 
reducing fhe rate of virus assenibly and niatui^ Other gqnes and/or 
regulatory re^ons may also be translocated aj^propriately^ in some cases from 
other strains of RSV of human or animal origin. For example, the F gene (and 

5 possibly the 'G' gene) of the human subgroiq) B RSV could be inserted into an 

otherwise RSV strain A genome (m place of, or in addxtLon to the F and G genes 
ofRSV strain A), 

In another qyproach, tiie RNA sequ»ce of the RSV viruses N protein 
can be translocated fiom its 3 ' proximal site to a po sxtion doser to the 5' end of 

10 the genome, again takmg advantage of the 3' to 5' gradient in gene transcription 

to reduce the level ofNpiotdn produced. ByredudngthelevdofNprotem 
produced, there would result a concomitant increase in the relative rates of 
transcription of genes involved m stimulating host immunity to RSV and a 
concomitanl reduction m the relative rate of genome replication. Thus, by 

15 translocating the RSV RNA sequence coding for RSV N protein, a chimeric RS 

virus having attenuated pathogenicity relative to native RSV will be produced. 

Another exemplary translocation modification resulting in the production 
of attenuated chimeric RSV comprises the translocation of the RSV RNA 
sequence coding for the L protem of RSV/ This sequence of die RS virus is 

20 beUeved responsible viral polymerase protein production. By translocating 

the RSV sequence coding for L protein fiom its native S' te^ 
native RSV genome to a location at or near the 3* terminus of the genome, a 
chimfflicRSVvin]sexfaibi1ingattem2atedpa& Yet 
anotiier exemplary translocation comprises tiie switehing tiie locations of the 

25' RSV RNA sequences coding fisr the RSV O and F proteins (i.e., relative to each 
otiier in the genome) to achieve a chimeric RSV having attenuated patiiogenidty 
resulting fiom the slight modification m the amount of the G and F proteins 
produced. Such geiie shufOing modifications as are exei]q>lified and dL^ 
above are believed to result in a chimeric, modified RSV having attenuated 

30 pathogenicity in comparison to tiie native RSV sUuting material. The nucleotide 

sequences for tiie foregomg encoded protems are known, as is the nucleotide 
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sequence for fteenttieBSVgeaio]^ SeeMcbtosh^Respiratoi^ 

Virus in Virobgy, 2d Ed edited by BX Fields^ DJM Knipe et al.. Raven Press, 

Ltd. New Yotk^ 1990 Chapter 38, pp 1045-1073, and refietences cited therein. 

These modiScadons can additionally or altematiyely comprise localized, 
site specific, single or multiple, nucleotide substitutions, deletions or additions 
within genes and/or regulatory doniains of the SSV genome. Such site specific, 
single or multiple, substitutions, deletions or additions can reduce virus 
palhogenidty without overly attenuating it, for ^cample, by reduring the number 
of lysine or arginine residues at the cleavage site in the F protem to reduce 
efficiency of its cleavage by host cell protease (which cleavage is believed to be 
an essential step in fimctioDal activation of the F protein), and thereby possibly 
reduce virulence. Site spedfic modifications m the 3* or 5' regulatory regions of 
the RSV genomeioay also be used to ina:ease transcription atfhe estpense of 

replication. In addition, localized manipulation of domains wi^ 
N protem, vMch is believed to control the switdi between transcription and 
rqplication can be made to reduce genome replication but still allow high levels 
of transcription. Further, the cytoplasmic domain(s) of the G and F 
glycoproteins can be altered in order to reduce their rate of migration through 
the endoplasmic reticulum and golgi of infected cells, thereby slowing virus 
maturation. In such cases, it may be sufficient to modify the migration of G 
protein only, which would tiien allow additional up-regulation of T' production, 
the main anti^n involved in stimulating neutralizing antibody production 
during RSV infections. Such localized substitutions, deletions or additions 
widnn gmes and/or regulatory domains of the RSV genome are believed to 
result in dmneric, modified RSV also having reduced pathogenicily relative to 
the native RSV genome. 
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e. BESCm OF A d)NA REPRESENTING 
THE COMPLETE GENOME OFRSV 

L THE CONSTRUCTION AND FUNCTIONAL 

The RSV,N,F, and Lgesies encode Ibeviial polymer The 
function oftheRSVM genes is iinknoivn. The abiliiy of RS V, K, P, M, and L 
expression plasmids to serve the function of helper RSV strain A2 proteins was 
assessed as described below. The RSV, N, P, L, and M2-1 genes were cloned 
into the modified PCrTB 2a(+) vector (Novagen, Madison, WI) under the 
control oftheT7pronioter and flanked by a T7 terminator at it's 3' end PCITE- 
2a(+) was modified by insertion of a T7 terminator sequence firom PCrr&*3a(+) 
intotheAlwnIandBginsitesofpCIT&2a(+). The functionality of ttieN^P, 
and L expression plafflnids was detexmined by tiieur ability to replicate the 
transfected pRS VA2CAT. At proximately 80% conflnency, Hep-2 cells in 
six-well plates were infected with MVA at a moi of S. After 1 hour, tiie iiifected 
cells were transfected with pRSVA^CAT (0.5mg), and plasmids encoding tiie N 
(0.4ni^, P (0.4mg), and L (0^^ genes using lipo&cTACE (Life 
Technologies, Gaithersbxng, M JD.). The transfection proceeded for 5 hours or 
ovemig^ and then the transfection medium was replaced witii fieshMEM 
containing 2% (fetal bovine scrum) FBS. Two days post-infection, the cells 
were lysed and the lysates were analyzed for CAT activity using Boehringer 
Mannheim's CAT EUS A kit CAT activity was detected m cells that had be» 
transfected vvithN,F, and Lplasnnds together with pRSVA^CAT. However, no 
CAT activity was detected when any one of the exjnesaon plasmids was 
omitted Furtiiennor6,co-transfeclionofIlSV-<^ 

e)qpressionplasnuds resulted me2q;aession of botiiGFP and C The 
ratios of difierent eaqiTBssion plasmids and moi of the reoombtnant vaccinia 
virus were Qptimized in the reporter gene expression system. 
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iL RECOVERY OF IPWECnOUS RSV 
FROM THE COMPLETE RSV cPNA 

Hep-2 cells were infected with MVA (recombinant vaccinia virus 
expressing T7 polymerase) at an moi of one. Fifty minutes later, tiansfection 
mixture was added onto the cells. The transfection mixture consisted of 2 p.g of 
N eacpressdon vector, 2 \Lg of P e^qnession vector, 1 of L e3qn:ession vector, 
1.25 ^g of M2/0RF1 expressicm vector, 2 (ig of RSV genome clone with 
enhanced promoter, SO |il of lipofectACE (Life Tedmologies, Gaifli^bur^ 
MJ3.) and 1 ^ OPTI-MEM. One day later» the transfection mixture was 
rqplacedl^ MEM containing 2% PCS. The cells were incubated at ST^'Cfiir 2 
days. Ilietransfection supernatant was harvested and used to 
cells in the presence of 40 pg/ml arac (drug against vaccinia virus). The mfected 
Hep2 cells were incubated for 7 days. After harvesdng the PI si5)eniatant, cells 
were used for immunostaining using antibodies directed against F protein of 
RSV A2 strain. Six positively stained loci yrith visible cell-cell-fusion (typical 
for RSV infection) were identifieA The RNA was extracted from PI 
supernatant and used as t^plate foi RT-^PCR analysis. PGR products 
corresponding to F and M2 regions were generated, both products contained the 
itdxoducedmaijkers. M control, PGR products dedved from natural RSV virus 
ladcedlhemailceES. 

A point mutation was created at pos[tion4 of the leader sequence of the 
RSV genome done (G residue to O) and this gemmie clone was designated 
pRSVC40LwL This done has been shown in a reports: gene context to 
increase the promoter activity by several fold compared to wild-type. After 
introduction of this mutation into the full-length gsaome, infectious virus was 
rescued fixjm tiie cDNA done. The rescued recombinant RSV virus formed 
smaller plaques than the wild-type RSV virus (Figure 8). 

This system allows the rescue mutated RSV. TTierefore,itmaybean 
excellent tool to engineer live-attenuated vaccines against RSV and to use RSV 
vector and viruses to adiieve heterologous gene expression. It may be possible 
to ex|xress O ptotdn of type B RSV into Ifae type A badcground^ 
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is enable ofp]X)tect1x>th type A aiui type BRWi^^ Itnuyalsobe 
possible to achieve attenuation and tmiperature sensitive mutations into the 
RSV genome, by changmg flie gene order or by site-directed mutagenesis of the 
L protein. 

d. USE OF MONOCLONAL ANTIBODIES TO DIFFERENTIATE 
RESCUED VmUS FROM HELPER VIRUS 

In order to neutralize tiie RSV strain B9320 helper virus and &cilitate 
identification of rescued A2 strain RSV, monoclonal antibodies against RSV 
strain B9320 were made as follows. 

Six BALB/c female mice were infected intranasally ^.il) with 10^ plaque 
fomung units (pi^.u.) of RSV 59320, followed 5 weeks later by intraperitoneal 
(Lp.) inoculation with 10^-10' pfu of RSV B9320 in a mixture containing 50% 
complete Freund's adjuvant Two weeks after i.p. inoculation, a blood satxtple 
fixnn each mouse was tested for the presence of RSV specific antibody using a 
standard neutralization assay feeler and Goeling^ L ViioL 63:2941-2950 
(1988)). Mice producing the highest level of neutxalizmg antibody were then 
further boosted with 10^ p.£u. of RSV strain B9320 in phosphate bu£Eered saline 
(PBS), injected intravenously at the base of the tail. Iliree di^ later, the mice 
were sac^ced and their spleens collected as a source of monoclonal antibody 
producing B-cells. Splenocytes (including B-cells) were teased from the mouse 
spleen through incisions made in the spleen c£^)sule into 5 ml of Dulbecco's 
Modified Eagle's Medium (DME). Clumps of cells were allowed to setde out, 
and the remaining suspended cells were separately collected by centrifiigation at 
2000xg for S minutes at room temperature. Iliese cell pellet were resuspended 
in 1 5 ml 0. 83 (W/V) NH4CI, and allowed to stand for 5 minutes to lyse red 
bloodcells. Splenocytes were then coUected by centrifiigation as before 
a 10 ml; cushion of fetal calf serum. The splenocytes were then rinsed in DMB, 
rq)6lleted and finally resuspended in 20 ml of flesh DME. These splenocytes 
were flien mixed with Sp2/0 cells (a mouse myeloma cell line used as fusion 
partners 6ff the immortalization of splenocytes) in a ratio of 10:1, spleen cells: 
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Sp2/0cells. Sp2/0 oefla were obtained fiom the ATCC and maintaiTied in DMB 

supplemexxtedivilh 10% fetal bovine senmu The cell mixture was tiien 

centrifuged fi)r 8 minutes at 2000xg at room temperatmc. The cell pellet was 

resuspended in 1 nil of 50% polyethylene glycol 1000 mol. wt (PEG 1000), 

5 followed by addition of equal volumes of DME at 1 minute intervals until a final 

« 

volume of 25 ml was attained The fused cells were then pelleted as before and 
icsuspended at 3.5 x 10^ spleen cdUs ml^ in growdi medium (50% conditioned 
medium fiom SP2/0 cells, 50% HA medium containing 1 00 ml RPMI 25 ml 
F.CS., 100 jigml gentamicin, 4 ml 50X ^ypoxanthine. Thymidine, 

1 0 Aminopt^in (EIAT) medium sui>plied as a prepared mixture of Sigma Chmi. 

Co., St Louis, MO). The cdl suspension was distributed over wdl plates (200 
jil well**) and incubated gt ST^'C, 95 humidity and 5% COj. Colonies of 
faybridoma cdls (fused splenocytes and Sp2/0 cells) were then subcultuied into 
24 well plates and grown until nearly coufluezi^ the siq>ematant growth medium 

15 was then sampled for the presence of RSV steam B9320neutrali2mg 

monoclonal antibody, using a standard neutralization assay (Beeler and 
Coelingh, J. ViroL 63:2941-50 (1988)). Hybridoma ceUs from weUs with 
neutralizing activity were resuspended in growth medirun and diluted to give a 
cell density of 0.5 cells per 1 00 p.l and plated out in 96 well plates, 200 ^1 per 

20 well. This procedure ensured the production of monoclones ^.e. hybridoma cell 

Imes derived from a single cell) which were Ihen reassayed for the production of 
neutralizing monoclonal antibody. Those l^faridoma cell lines which produced 
monodonal antibody capable of msutrali23iig RSV strain B9320 but not RSV 
strain A2 wcire subsequently infected into mice, i.p. (10^ cells per mouse). Two 

25 weeks after the ip. injection mouse ascites fhiid contaming neutralizing 

monoclonal antibody for RSV strain B9320 was tapped with a 19 gauge needle, 
and stored at -20X. 

This monoclonal antib^ was used to neutralize the RSV strain B9320 
helper virus following rescue of RSV strain A2 as described in Section 9.1 . 

30 This was carried out by diluting neutraliadng monocloDal antibody 1 in 50 with 

molten 0.4% (w/v) agar in Eagle's Ivfinimal Essential Medium (EMBM) 
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containing 1%F.CS. This mixtuze was IliexL added to 
wMch had been infected withfhe progeny of rescue experiments at annLO.!. of 
0.1-0.01 pi^u. per celL The monoclonal antibody in the agar overlay inhibited 
the growth of RS V strain B9320, but allowed the growth of RS V strain A2, 

5 resulting in plaque formation by tiieA2 strain. These plaques were pidced using 

a pasteur pipette to remove a plug a agar above the plaque and the mfected cells 
within the plaque; the cells and agar plug were resuspended in 2 ml of EMEM, 
1 % FCS, and released virus was plaqued again in the presence of monoclonal 
antibody on a fieshHep-2 cell mondayer to fiirlfaer purify fiom hdper virus* 

1 0 Tlie twice plaqued virus was then used to infect Hep-2 cells in 24 well plates» 

and die progeny fiom that wm used to in&ct six-well plates at an nLoi. of 0. 1 
pilu. per cell. FinaUy, total in&ctedceURNA from one well ofa six-well plates 
was used in a RT/PCR reaction using first and second strand primers on either 
side of the "marker sequences' introduced into the RSV strain A2 genome to act 

15 as a means ofrecognizmg rescue events) as described in Section 6.2 above. The 

DNA produced fiom the RT/PCR reaction was subsequently digested with Stu I 
and Pme I to positively identify the ^marker sequences' introduced into RSV 
strain A2 cDNA, and hence to establish the validity of the rescue process. 

20 7. RESCUE OF INFECTIOUS RSV PARTICLES 

m THE ABSENCE OF M2 EXPRESSION 

The following e}q>eriments were conducted to compare the efiBciencies 
of rescue of RS virions in the presence and absence of the M2/0RF1 gene. If the 
M2/0RF1 gene function is not required to achieve rescue of RSV infectious 

25 

particles, it should be possible to rescue RS vuions in the absence of the 
expression of the M2/0RF1 gene funcdon. In the present analysis, Hep-2 ceUs 
which are susceptible to RSV replication, were co-trans£ected with plasmids 
encoding Ae TT, T' and V genes of the viral polymerase of RSV andihe cDNA 
correspoxiding to the fuU-lengtfa antig^nmne of RSV, m the presence or absmce 

30 

of plasmidDNA encoding the M2/0RF1 gene, and the number of RSV 
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infectious imits *wer& measured in 

M2/0RF1 gene product Tvasiequiied to i^scniein^^ 

The following plasmids were used in Ifae esqmtnents described below: a 
cDNA clone encoding fhe fiill-lengdi antigenome of RSV strain A2, designated 

5 pRSVC4GLwt; and plaanids encoding the N, P, and L polymerase proteins, and 

plasmid encoding the M2/0RF1 elongation &ctor, each downstream of a T7 
RNA promoter, designated by the name of the viral protein encoded, 

pRS VC4GLwt was transfected, together with plasmids encoding piotdns 
N, P and into Hep-2 cells which had been pre-infected with a recombinant 

10 vaccinia vhiise3q>ressing the T7 RNA polymerase lii 

another set of Hep-2 cells, pRSVC4GLwt was co-transfected with plasmids 
encoding the P and I^polymerase protems, and in addition a plasmid 
encoding the M2 function. Infection ami recovery ofrecombmant RSV were 
performed as follows: Hep-2 cells were srplit in six-weUdidies (35mm pa: well) 

15 5 hours or 24 hours prior to tcansfection. Each well contamed approximately 

1x10^ cells lAiiich were grown in MEM (minimum essential medium) containing 
10% FBS (fetal bovme serum). Monolayers of Hep-2 cells at 70% - 80% 
confluence were infected with MVA at a multiplicity of infection (moi) of 5 and 
incubated at 35°C for «) minutes. The cells were then washed once with OPTI- 

20 MEM (life Technologies) and the medium of each dish replaced with 1 ml of 

OPTI-MEM and 0.2 ml of the transfection mixture. The transfection mixture 
was prepared by noubdng the four plasmids, pRSVCMGL^ 
m a final volume of 0. 1 ml OPTI-MEM at amounts of 0.5 - 0.6 (xg of 
pRSVC4GLwt, 0.4 }ig of N plasmid, 0.4 }ig of P plasmid, and 02 ^ of L 

25 plasmid A second mixbue was prepared \i^€^ additionally 

M2/0KFI plasmid. The plasmid nuxtures of 0,1 ml wm combined witii 0.1 inl 
of OPn-MEM containing 10 |il of lipofecTACB (Life Technologies, 
Oaithersburg,MJ)0 to ^^onstitute Ifae complete tranrf^ After a IS 

minute incubation at room temperature, the transfection mixture • 

30 the cells, and one day later this was replaced by MEM containing 2% FBS. 

Cultures were mcubated at 35°C for 3 days at which time the supematants were 
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harvested Cells were mcldMted at 35 since Ite 
tenipmtuie sensitive and is much woto eifScient at 35°C. 

Tliiee days post-tcazisfection, the tra^^ 
assayed for the presence of RS V infectious units by an immunoassay which 

5 would indicate Ihe presence ofRSV packaged particles (see Table 1). In this 

assay, 0.3 - 0.4 ml of the culture supematants were passaged onto fiesh 
(uxusfected) Hep-2 cells and overlaid with 1% metfaylcellnlose and 1 x LIS 
medium containing 2% FBS. After incubation for 6 days, the supernatant was 
hanrested and the cells wm £bi:ed and stained by an indirect h^ 

10 peroxidase mefliod, using a goat and-RSV andbody which recognizes the RSV 
viral particle (Biogenesis, Sandown, NH) followed by a rabbit anti*foat antibody 
conjugated to horseradi^p^xnddase. The antibocfy complexes that bound to 
RS V-in&cted cells were detected by the addidon of a AEC-(3-an3in0-9- 
ethylcarba2x>le) chromogen substrate (DAKO) aocordmg to die manufitctuiefs 

IS instructions. The RSV plaques were indicated by a black-brown colorati^ 

resulting firom the reaction between the chromogen substrate and the RSV-' 
antibody complexes bound to the plaques. The numb^ of RSV plaques is 
expressed as the number of plaque forming units (pXu.) per 0.S ml of 
transfection supernatant (see Table 1). 

20 Comparisons of the amount of RS virions recovered fiom the 

siQ)en]ataDts of transfection dishes in the presence or absence of M2/0RH are 
shown in Table 1. The results of four sq»arate experiments demcmstiatedl^ 
the absence of M2/0KF1 fiom the transfection ass^ did not diminish the 
number of infectious units of RSV obsoired. Thus, the results of these 

2S e3q)eriments clearly indicate tiutt RSV can be rescued in the abs^^ 

M2/ORP1 fixxm cells transfected only with plasmids encoding tiie tinee 
polymerase protems, N, P and and the cDNA encoding die full-length RSV 
antigenome. The rescue of true RS virions iiithe absence of M2/0RP1 was 
further mdicated by the ability to passage the rescued recombinant RSV for iq) 

30 tosixpass^es. Therefore, the production of RSV virions is not dependent on 
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die exptesaxm of the M2/0RF1 gene, nor does liie inclusion of tbe M2/0RF1 
geae in Hhe irmmfeetjon assay increase the efiSciency of true RS V rescue. 



5 

Table 1. Frodnctioii of infecflons RSV throai^ pbsmid tnmsfectlon is not dependent 
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onespres 


9I0I1 01 flX6V AT X 

Prodnotton of infectious RSV (pfii fixjm O.Smi transfectioa 




sopeniatflxits) 






+M20RF1 


■M20RFI 


1, 


6,10f8) 


16M1S) 


2. 


- ■ 120,46,428(198) 


100.122,105(109) 


3. 


160,180fl70) 


150.133(142) 


4. 


588053,725(522) 


300.1000,110(470) 



Each experiment was done singly^ in di^licafces or triplicates* The aveti^ number of plaque 
forming units (pfu) from 0,5 ml transfected cell sopmiatants is shown in the brackets. 



8. EXAMPLE: EXPRESSION OF RSV SUBGROIJP 
B-C AND PR OTEINS BY RSV A2 STRAIN 

20 The followii^ e^qperiments wete conducted to g^erate a chimeric RSV 

wfaidi represses iStie antigoiic polypeptides of more than oiie stscain of RSV. 
Two main antigemc subgroiq)a (A and B) of respitatoiy syxicytial virus (RSV) 
cause human diseases. Glycoproteins F and 6 axe the two major antigraic 
detecminante of RSV. The F ^lycoprotems of subgroiq? A and B viruses are 

25 estimated to be 50% related, the reladonah^ of O glycoproteins is 

considerably less, about 1-5%. Infection of RSV subgrot?) A induces dther 
partial or no resistance to replication of a subgroup B strain and vice versa. 
Both subgroup A and subgroups RSV virus vaccines are needed to protect from 
RSV infection. 

3 0 The first approach described herein is to make an infectious chimeric 

RSV cDNA clone e3Cpressing subgroi^ B antigens by replacmg the current 
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infectious RSV A2 cDNA clone O and F region VfiSi subgioiqp B-G and - 
F genes. The chimeiic RSV vrauld be subgroiq) B antigenic specific. The 
second approach descdbed herein is to insert subgroxjp gene in the current 
A2 cDNA clone sa that one virus would express both subgroup A and B specific 
5 antigens* 

iLSlJBSTmmONOFA2GANDFBYB932QGA]>mB 

RSV subgroiq) B strain B9320 O andF g^es were amplified fix)m 

1 0 B9320 vRNA by RT/PCR and doned into pCRII vector for sequence 

determination* BainH I she was ooeated in the oligonucleotide pdniers used 
RT/PCR in orda to clone &e G and F genes fiom B9320 strain into A2 
antigenomic cDNA (Fig. 4A). A d3NA fi^gment vdnch contained G and F 
genes fix>m 4326 nt to 9387 nt of A2 strain was first subcloned into pUC19 

15 (pUCRyH), Bgl H sites were created at positions of 4630 (SH/G mtergenic 

junction) and 7554 (F/M2 intergenic junction), respectively by Quickchange 
site-directed mutagenesis kit (Stratagcne, Lo JoUa, CA). B9320 G and F cDNA 
inserted in pCR,II vector was digested with BamH I restriction enzyme and then 
subcloned into Bgl n digested pUCR/Hwluch had the A2 OandFgenes 

20 removed. The cDNA clone with A2G andF genes replaced by B9320G andF 

was used to replace the Xho I to Msc I region of tibfi &114ength A2 antigen<muc 
cDNA. The resulting anti^nonuccDNA done was tmnedpRSVB-GF and 
was used to transfect Hq>*-2 celb to gmerate infectious RSVB-<}F vinis^ 

Generation of chimeric RSVB-GF virus was as follows^ pRSVB»<}F was 

25 transfected, togetlxer with plasmids encoding proteins N, and into Hep-2 

cells which had been infected widiMVA» a recombinant vaccmia virus vMch 
expresses the T7RNA polymerase. Hep*-2 cells were split a day before 
transfection in six-well dishes. Monolayers of Hep-2 cells at 60% - 70% 
confluence were mfected with MVA at moi of S and incubated at 35X for 

30 60nmL ThecelU were then washed once with OPTI-MEM (life Technoto^ 

Gaithersburg, MD). Each dish was replaced with 1 nil of OPTI-MEM and 
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added Tvifh 0.2 ndctftransfectianmedhim. lliBtiansfection medium was 
prepared by mixing five plaamids in a final volume of 0.1 ml of OPTl-MEhfl 
medium, namely 0.6 ]ig of RSV antigenome pRSVB-CSF, 0.4 |ig of N plasmid, 
0.4 ]ig of P plasmid, and 0.2 |ig of L plasmid. This was combmBd widi 0.1 ml 

5 of OPH-MEM containing 10 |nl UpofecTACE (Life Technologies, Gaifliersburg, 

MD U.S«A.). After a 15 minute inciibadon at room temperature, 4e 
DNA/lipofecTACE was added to the cells and the medium was replaced one day 
later l^MEI^ containing 2% FBS. Cultures woe fiirtiier incubated at 33 °C for 
3 days and the suponatants harvested. Aliqoots of culture siqpematants were 

10 fhen used to in&ctfiefiliIfop-2 cells. After incub^ 

siq)eniatant was harvested and ^ celk were fixed and stained by an indirect 
horseradish peroxidase mediod usLcg goat anti-RSV aniibo^ Oncogenesis, 
Sandown, NH) followed by a rabbit anti-goat antibody linked to horseradish 
peroxidase. The virus m&cted cells were then detected by cation of substrate 

15 chromogen (DAKO, Cacpinteria, CA, U.S.A) according to the maimfecturer's 

instructions. RSV-like plaques were detected in the cells which were infected 
with the supematants firan cells transfected with pRSVB-GF. The virus was 
fiuther plaque purified twice and amplified in Hep-2 cells. 

Recombinant RSVB^ virus was characterized by RT/PCR using RSV 

20 subgroip B specific primers. Two independently purified recombinant RSVB- 

QF virus isolates were extracted with an RNA extraction kit (Pel-Test, 
Friendswood, TX) and KNA was precipitated by isopropanol. Vuion KNAs 
were annealed with a primer spanning the RSV re^on fiom nt 4468 to 4492 and 

incubated fi» 1 hr under standard RT conditions (1 0 fd reactions) using 
25. si^ersciqit xeverse transmptase (Life Techiu)logies> Ciai{hetsbui& MD). 

Aliquots of each reaction were sulqected to FCR(30 cydes at 94''C for 30 s, 
55°Cfor 30 s and 72°C for 2nun) umg subgroup B specific primers in G 
region (CACCACCTACJCTTACTCAAGT and 

TTTGTTTGTGGGTTTGATGGTTGG). The PGR products were analyzed by 
30 electrophoresis on 1% agarose gel and visualized by staining with ethidium 

bromide. As shown in Fig. 5, no DNA product was produced m RT/PCSR. 
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ieactioiisxismgRSVA2 Strain as template. However, a predicted product of 
254 bp was detected in RT/PCR reactions utilmng RS^ 
control plasmid» pRSVB-OF DNA, as template, indicating the rescued virus 
contained G and F genes derived form B9320 virus. 

5 

EXPRESSION OF B9320G BY RSV A2 VIRUS 

RSV subgroup B straiii B9320 G gene was ampMed jGcom B9320 vRNA 
by RT/PCR and doned into pCRn vector for sequence detenni Two 
1 0 Bgl n sites were incorporated into fhe PGR primers wiiich also contained gene 

start and gene end ingnals 

(QATATCAAGATCTACMTAACATTOGGGCAAATGC 
GCTAAGAGATCTTTTT OAATAACTAAQCATG). B9320G cDNA insert 
was digested with Bgl n and cloned into the SH/G (4630 nt) or TMl (7552 nt) 

1 5 intergenic junction of a A2 cDNA subclone (Fig. 4B and Fig. 4C). The Xho I to 

Msc I Sagment containitig B9320G insertion either at SH/G or F/M2 intergenic 
re^on was used to replace the corresponding Xho I to Msc I region of the A2 
antigenomic cDNA. Tlie resulting RSV antigenoinic cDNA clone was termed 
as PRSVB9320G-SH/G or pRSVB9320G.F/M2. 

20 GeneratLcm of RSV A2 virus vMch had B9320 G gene mserted at F/M2 

intergenic region was petfonned similar to vAmt has described for generation of 
RSVB-GF virus. Briefly, pRSVB9320G-F/Nf2 together with plasmids encoding 
proteins N, P and L were transfected, mto Hep-2 cells, infected with a MVA 
vacchiia virus recombmant, vMdi expresses the T7 SNA polymerase (Life 

25 Technologies, Gaithersburg, KID.)- The transfected cell medium was replaced 

by MEM containing 2% fetal bovme serum (FBS) one d^^ 
fiirttiCT incubated for 3 days at 35°C. AUquots of culture supematants (PO) 
were then used to infect fresh Hep-2 cells. After incubation for 6 days at 35 ""C, 
the si^etnatant was harvested and tiie cells were fixed and stained by an indirect 

30 horseradish peroxidase method using goat anti-RSV antibody (Biogen^is) 

foUo wed by a rabbit anti-goat antibo(fy linked to horsoadishp Hie 
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virus iB&cted ceUs were tiien det^^ 

(Dako). RSV-likeplaqpies were detected in Aecdb 

the supemataids fiom cells transacted withpRSVB9320G/F/M2. 

Chaiacterization of pRSVB9320G-F/M2 virus was perfbimed by 

5 RT/PCR Tifiing B9320G specific primers. A predicted PGR product of 41 Obp 

was seen in RT/PC3R. sample using pRSVB9320Cr-F/M2 RNA as template, 
indicating the rescued vims contained G gene derived ftom B9320. (Figure 6) 

Expression of the inserted RSV B9320 G gene was analyzed by Nortbeni 
blot using a ^-labeled oligonucleotide speci&c to A2-G or B-Qn^ Total 

1 0 cellular RNA was extracted fiom Hiep-2 cdls infected with wild-type RSVB 

9320, rRSVA2, or rRSVB9320G-F/M2 48 hours postinfection using an RNA 
extraction Wt(KNAstat:^0,Td-T^ RNAwaselecbK^aresedanal.2% 
agarose gel containing fbmialdebyde and transfeiredto anylon membrane 
(Amersham). An oHgonucleolide specific to IbeG gene of1beA2 stain 

15 (STCTTGACTOTTGTGGATTGC^GGGTrGAOT 
30 and an oligonucleotide specific to Ihe B9320 G gene 
(5'CTTGTGTTGTTGTTGTATGGTGT 

GTTTCTGATTTTGTATTGATCGATCC-30 were labeled with ^^-ATP by a 
Inna.qitig reaction known to those of ordinary skill in the art. Hybridization of 
20 the membrane with one of the ^-labeled G gene specific oligonucletodies was 

perfimned at 65 °C and washed according to standard procedure. Both A2-G 
and B9320-G specific RNA were detected m Ihe iRSVB9320G-F/M2 infected 
Hep-2 Cells. (Figure 6B) These results demonstrate subtype sfpecific RN^ 
eacpression. 

25 Protein eaqoession of the chimeric rRSVA2(B-G) was conq)ared to that 

of RSV B9320 and iRSV by imnrunpprecipitation of ^*S-labeIed infected Hep-2 
celllysates. Briefly, the vinas infected cells were labded with ^S-pt^ 
^Ci/ml "S-^Jys and ^S-Met, Amersham, Arlington Hd^, IL) at 1 4 hours to 
1 8 hours post-iirf ection according to a protocol known to fliose of ordinary skill 

30 in the art The ceU monolayers were lysed by RIPA buffer and the polypeptides 

were immunoprecipitated witih either polyclonal antiserum raised in goat against 



-54- 



wo 02/44334 FCTAJS0iy44819 



detergent disrupted RSV A2 viras (Fig. 7, lanes 1 -4) or antisenmi raised in mice 
agamstundisnqrtedB9320 virions (Fig. 7, lanes 5^^^ The radio labeled 
inmumpprecipitated polypeptides were electrophoresed on 10% polyacrjiamide 
gels contaixiing 0.1% SDS and detected by autoradiogrc^liy. Anti-RSV A2 

5 sOTjm immunopiecipitated the m^or polyp^des of the RSV A2 strain, 

whereas anti-B9320 serum mainly reacted with RSV B9320 O protein and the 
conserved F protein of both A and B subgroups. As shown in Fig. 7, a protein 
which is identical to the A2-0 protein Oane 3), was immunoprecipitated from 
the rRSVAlCB-^j) infected cdb (lane 4) Iqr using an anii^^ 

10 The G protein of RSV B9320 strain was not recognized by the anti-A2 

antiserum. A protein species^ smaller than A2-Gprotexn» was 
immunopiecipitated &om both B9320 (lane 6) and rRS VA2(B-GXlane 9) 
infected ceUsusiiig the antiserum raised in mice This 
polypeptide was not present in tiie uninfected and RSV A2 in&cted cells and 

IS likely is to represent tiieGpiDteinspedfic to the RSV B 9320 strain. Amino 

acid sequence comparison of both A2 and B9320 RSV G proteins indicated that 
two additional potential N-glycosyiation sites (N-X-S/t) are presoat in the RSV 
A2G protein, which may contdbute to slower migration of the A2 O protein 
under the conditions used The F protem of RSV B9320 also migrated slightly 

20 &ster than RSV A2FproteuL The P and M proteins also showed mobility 

diS^:m:es between the two virus subtypes. The identity of the polypeptide near 
the top oftiie protein gel present in FSVB9320 and rRSVA2(B-(9 infected 
cells is not known* Antisera raised m mice against the RSV B9320 virions 
poorly recognized the N, P andM jxtotdns are compared to the goat antiserum 

25 raised against die RSV A2 strain, lite data described above clearly indicate ttiat 

chimeric rRSV A2(B-G) e}q>iesse5 botii llie RSV A2 and B9320 specific O 
proteins, 

30 
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&2.1 REPUCAnON OF RECOMBINANT 
RSVmTISSim CIILTPRE 

Recombinant RS viruses were plaque purified three times and amplified 
in Hep-2 cells. Plaque assays were performed in Hqp-2 cells in 12-well plates 
^ using an overlc^ of 1% methylcellulose and 1 x LI 5 medium containiz^ 2% 

fetal bovine serum (FBS). After incubadon at SS^'C for 6 days, die monolayers 
were fixed wi4i methanol and plaques were identified by immmiostaining. 
Plaque si2se and mozphology of iRS V was very similar to that of wild-Qfpe A2 
RSV (Fig. 8). However, Ihe plaques formed by rRSVC4G were smaller flban 
rRSV and wild-type A2 virus. The only genetic difference between rRSV and 
rRS VC4 was a single nucleotide substitution in fhe RSV leader region. 
Therefore, the smaller plaque size of rRSV A2(B-G) was not distinguishable 
from that of rRSVC4G. 

The growth curves of rRSV, rRSVC4G and rRSV A2 (B-G) were 
compared to that of the biologically derived wild-type A2 virus. Hep-2 cells 
were grown in T25 culture flasks and infected with rRSV, rRSVC4G, 
iRSVA2(B-G),orwiW-typeRSVA2strainatamoiof0.5. Afterlhour 
adsorption at 37°C, the cdls wore washed three times witii MEM containing 2% 
FBS and incubated at 37°C in 5% CO,. At 4 hour intervals post-infection» 250 
^ofthe cuhme sixp^natant was collected, and stored at -70°C until virus 
titration. Each aUquottaten was rq>lacedwidi an equal anu)unto 
medium. Ihetiterof eac^viniswasdetenninedbypl^^ 
and visualized by inmaunostaining(vf^.nipra^^ As shown in Fi^ 9, fhe growth 
kinetics of iRSV is very similar to that of wild-type A2 virus. Maximum virus 
titer for all the vuruses were achieved between 48 hr to 72 hr. The virus titer of 
rRSVC4G was about 2,4-fold (at 48 hr) and 6.6-fold (at 72 hr) lower than rRSV 
and wild-type A2 RSV. The poor growth of iRSVC4G may also be due to the 
single nucleotide change in the leader region. The chimeric iRSV A2CB-G) 
showed slower Idnetics and lower peak liter (Fig. 9). 

30 
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9. EXAMPLE: GENERATION OF RSV L GENE MUTANTS 



The strategy for generating L gene mutants is to introduce defined 
mutations or random mutations into the RSV L gene. The functionality of the L 
5 gene cDNA mutants can be screened in vitro by a minigenome replication 

system. The recovered L^nenoitantsaie then further a^ 
vivo. 

9 J MUTAGBaHESIg STt^ATEGIES 

10 

9.1.1 SCANNING MUTAGENESIS TO CHANGE THE CLUSTERED 
CHARGED AMINO ACIDS TO ALANINE 

Hiis muti^enesis strategy has been shown to be particularly effective in 
12 systematicaUy targeting functiond domain The 

rationale is that clusters of charged residues generally do not lie buried in the 
protein structure. Making conservative substitutions of these charged residues 
with alanmes will therefore remove the charges without grossly changing the 
structure of the protein. I)isriq>tionof charged clusters may interfere witii the 
2Q interaction of RSV L protein with other proteins and make its activiiy 

11imnosensitive» thereby yielding temperature-sensitive mutants. 

A cLusba was origiiially defined arbitrarily as a stretch of 5 amino acids 
in wiuch two or more residues are diaiged residues. ForscanxungnnztageaoesiSj 
aU the cihar^ readues in tbe clusters can be changed to alanines by site 
22 directed mutagenesis. Because dfthe large size ofthe RSV Lgene^ there are 

many clustered cbaiged residues in the LprotdxL Thet^bre, only contiguous 
charged residues of 3 to S amino adds throughout flie entire L ^e were 
targeted (Fig. 10). The RSV L protein contains 2 clusters of five contigoous 
charged residues, 2 clusters of four contiguous charged residues and 17 clusters 
ofthree contiguous diarge residues. Two to four of the charged residues in each 
cluster were substituted witii alanines* 
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The fast Step of Ihe iixveiitioQ \vas to itxt^^ 
i;^c^ contaiiis the eiDCtire RS V 

mixtageaesiskit(Stratageiae). The intiodiu^mutatioiis were then cco^^ 
sequence analysiSv. 

rvSTRINB SCANNING MUTAGENESIS 

Cysteines are good taigets for mutag^esis as they are j&equently 
mralvedinintramolecidar andintennoleci^ By changing 

cysteines to glydnes or alanmes, the stability and fimcticm of a piotein may be 
altered because of disriqjtion of its tertiaiystnicb^ Thirty-nine cysteme 
residues axe pixsent in fbieRSVL protein C^ig. 11). Ckmiparison of the RSV L 
protein witii otiher menibCT of paramyxoviruses indicates diflt some of the 
<grsteine residues are conserved 

Five conserved cysteine residues vvere chan^ to either valine 
(conservative change) or to aspartic adds (nonconserradve change) using a 
QuikChange site-directed mutagenesis kit (Stratagene) degenerate mutagenic 
oligonucleotides. It will be f^jparent to one skilled in the art that the sequence of 
the mutagenic oligonucleotides is determined by the protein sequence desired. 
The introduced mutations were conGimed by sequ^K^ analysis. 

9.13. RANDOM MUTAGENESIS 

Rmdom mutai^nesis may diange any residue, xiot su^ 
25 residues or cystemes. Because of&eiazeoftheRSVL gene, several L gene 

cDNA ftagments were mutagenized by PGR mutagmesis> Thiswas 
accomplished by PGR using exo* Pfii polymerase obtained fiom Sirategene. 
Mutagenized PGR firagments were Iben cloned into a pGIT&L vector. 
Sequendng analysis of 20 xnutagenized cDNA ftagments indicated that 80% - 
30 90% mutation mtes were achieved The functionality of fliese mutants was &en 

screened by a rninigenome replication systein. Any mutants showing altered 
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polymerase function wece tiien further cloned into ihe fuU-lenglii RSV cDNA 
done and virus recovered fiom transfected cells. 

92. FUNCTIONAL ANALYSIS OF RSV L PROTEIN 
MDTANTS BYMINIGENOME REPLICA TION SYSTEM 

Ilie functionality of tiiie L-genes mutants w^ 
replicate a RSV xoinigenome containing a CAT gene in its antisense and flanked 
by RSV leader and trailer sequraces. Hep-2 cells vvere infected \vitiiNfVA 
VBCKdniaxeconihinantseaqnsssmgT^ After one hour, die 

cells weie transfected vritii plasmids expressing mutaled L protein together wLth 
plflsmids expressing N protein and P protein, and pRSV/CAT plasmid 
containing CAT gene (nunigenome). CAT gene e3Cpression from the transfected 
cells was determined by a CAT FJJSA assay (Boehiinger Mannheim) according 
to the manu&cturer's instruction. The amount of CAT activity produced by the 
L gene mutant vras tiien compared to that of iTvild-type L protein. 

93. RECOVERY OF MDTANT RECOMBINANT RSV 

To recover or rescue mutant recombmant RSV, mutations in tiie L-gene 
wexe engine«:ed into plasmids encoding the otire RSV genome in llie positive 
sense (antigenome). The L gene cDNA restriction fiagments (BamH I and Not 
X) containing mutations m the L-gene were rranoved fiompCTIE vector and 
cloned into the full-length RSV cDNA clone. The cDNA clones were 
sequenced to confirm that each contained the introduced mutations. 

Eadi RSV L gene mutant vnus was rescued by co-transfection of the 
following plaids into subconfluent Hep-2 cells grown in six-well plates. 
Prior to transfection, the Hep-2 cells were m&cted with MVA, a recombinant 
vaccinia vinisindiich represses T7IQ^A polymers One hour Iater» cells were 
transacted witiitiie following plasmids: 

pCIIE-N: encoding wild-^ RSV N ^ne, 0.4 fig 
pCITB-F: encoding wild-type RSV P i^ne» 0.4 {xg 
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pCnB-Lonitaiit: encoding mutantRSV L gaie» 0.2 tig 
• pRSVL mutant fuU-lengOig^nooiicI^ 

(antigenome) containing the same L-gene mutations as pCn&L 
mutant^ 0.6 |ig 

DNA was introduced into cells by lipofecTACE (Life Tedmologies) in 
OPTI-MEM After five hours or overnight transfection, the transfection 
medium was removed and replaced with 2% MEM. Following incubation at 
35^C for three days, the media siqpematants from the tiansfected cells were used 
to infect Vero cells. The virus was recovered fix>m the infected Vero cells and 
the introduced mutations in the recovered recomhinant viruses confirmed by 
sequencing of tiie RT/PCR DNA derived from viral RNA 

Examples of the {/ ^ene nxutants obtained by diarged to 
mutagenesis are shown in the Table 2. Mutants were assayed by determining 
the expression of CATly pRSV/CATminigenome following co-transfection of 
plasmids expressing N, P and either wild-1^ or mutant L. Cells were harvested 
and lysed 40 hours post-transfection after incubali The 
CAT activity was monitored by CAT EUSA assay (Boehringer Mannhehn). 
Each sample rq>resents the average of duplicate transfections. The amount of 
CAT produced for each sample was determined from a linear standard curve. 

From the above preliminary studies^ difEbrent types of mutations have 
been found. 

93.1. PKTRIMENT AT. MUTATIONS 

Seven L protein mutants displs^ed a greater than 99% reduction in the 
amouxitofCAT produced compared to tiiat of wiM-1ypeLpn>teuL These 
mutadons drastically reduced the activity of the RS V polymerase and are not 
ejected to be viable. 

Table 2 CAT Expression levels of Mutant RSV L-gene 
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Mvt 


Cone of CAT 
(ns/mL) 


Charge 
Cluster 


Charge to Alanine Change 


Kescued 
Vina 


SS'C 


39"C 

- 


A33 


0:2A6 


Bkg 


5 


135E, 136K 


No 


ATS 


3.700 


0.318 


3 


14dD, U7E, 148 D 


Yes 


A171 


3.020 


Bkg 


3 


157K, 158D 


. Yes 


A81 


1.000 


0.280 


3 


2551], 256K 


Yes 


A185 


Bkg 


Bkg 


3 


348E,349B 


No 


A91 


Bkg 


Bkg 


3 


3S3R,3S5B. 


No 


AlOl 


Bkg 


Bkg 


3 


43SD,436E,437R 


No 


A192 


1^ 


Bkg^ 


3 


SlOB, 51 IR 


Yes 


All 


0.4S2 


Bkg 


1 


S20R 


Yes 


Alll 


2.320 


0.267 


4 


5681^ 569E 


Yes 


A121 


0.772 


Bkg 


2 


S87L. 588R 


No 


A133 


Bkg 


Bkg 


4 


620E, 621R 


No 


A141 


2.800 


Bkg 


3 


1025K. 1026D 


Yes 


A2S 


0.169 


Bkg 


3 


1033D. 1034D 


Yes 


.A45 


5.640 


0.478 


5 


X187D. U88K 


Yes 


A153 


4.080 


0254 


5 


1187D. 1188K. 1189R. 


Yes 










1I90E 




A162 


10.680 


Bkg 


3 


1208E. 12Q9R 


No 


A201 


Bkg 


Bkg 


3 


1269E» I270K 


No 


A211 


2.440 


0.047 


3 


1306D. 1307B 


Yes 


A221 


0.321 


Bkg 


3 


1378D, 1379B 


No 


A23I 


Bkg 


Bkg 


3 


1S15E» 1516K 


No 


A241 


1.800 


OJ08 


3 


1662Q. 1663R 


Yes 


A57 


S.660 


O.706 


3 


1725D,1726K 


Yes 


A6S 


3.560 


0.168 


2 


1957R, 1958K 


Yes 


A251 


0.030 


Bkg. 


3 


2043D.2044K 


Yes 


A261 


Bkg 


Bkg 


3 


2102K,2I03H 


No 
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Gone, of C4T 




















Mat 






Charge 


Ckarge to Alanine Oiange 


Rescued 








Cluster 




Virus 


ADll 


2.800 


0.4S6 


Sands 


1187D, 1188K, 1725D, 


No 










1726K- 




AD21 


Z640 


0226 


5and2 


1187D,1188K,1957R, 


No 










1958K 




AD31 


L280 


0.192 


3and2 


1725D, 1726K, 1957R, 


No 










19S8K 




Fl 


Bkg 






521FtoL 


Yes 


F13 


0.13 


Bin 




S21FtoL 


Yes 


Lwt 


3.16 


M 




no amino add changes 


Yes 



qA2. INnCRMRHTATE MUTATIONS 

Sev«cal L mutants showed an iole^^ 
^chiangedfn>ml%to50%offhat\nld<1gpeLprot^ A subset of these 
niTitflnfs were iiitroduced into virus ax^ Pieliminaiydata 
iTidjftflt^ that mutant A2 showed 1 0-to 2 0-fi)ld reduction in virus titer when 
grown at 40''C compared 33 °C. Mutant A2S exhibited a smallcar plaque 
fomiation phenotype when grown at both 33 °C and 39*C, Hiis mutant also had 
a 10-fold reduction in virus titer at 40 '^C compared to 33 'C. 

933 MUTAPnrS WITH L PROTEIN 
PROTEaN 

Some L gene mutants produced CAT gene escpression levels similar to or 
greater than Ifae wild-lTpe Lpiotein in vitro and^ recovered virus mubnts 
have phenolypes indistinguishable fiom wild-l^e viruses in tissue culture. 
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Once mutations in L ^ confo tempe^^ 
have hcca identified, the mutHtions will be combined to test for Ibe cumuMye 
effect of multiple temperature-sensitivity markers. Hie L mutants bearing more 
than one teno^erature sensitive marker are expGCtci to have lower pemiissive 
temperature and to be genetically more stable than single-matker mutants. 

The generated L gene mutants m^ also be combined with mutations 
present in other RSV genes and/or mthnon-essendal RSV gene deletion 
mutants (e.g., SH, NSland NS2 deletion). This will enable the selection of safe, 
stable and eifective live attenuated RSV vaccme candidates. 

10. GBNERATION OF HUMAN RESPIRATORY 
SYNCYTIAL VIRUS VACCINE (RSV) CANDIDATE 
BY DELETPf G THE VIRAL SH AND M20RE2 GENES 

10.L M2J1 DELETION lyfUTANT 

To delete M2-2 genes, two Hmd in restriction enzyme sites were 
mtroduced at RSV nucleotides 8196 and 8430, respectively, in a cDNA 
subclone p£T(SyB) wMch contained an RSV restriction fiagment from 4478 to 
8S0S. The RJ5V restriction fisgment bad been iTOviouslyprq^ 
Quikchange site-directed mutagenesis (Strafegoie, Lo Jolla, CA)> Digestion of 
pET(S/B) with Hind in restriction eozym^ removed a 234 nucleotide sequence 
vduch contained the niajority of the M2-2(q)mreadm The nucleotides 

encoding the first 13 amino adds at ^N-temiinus of the M2-2^iie product 
were not zernoved because tiiis sequence orv'eiiapsM2-L The cDNA fiagment 
vMch contained MZ-2 gene deletion was digested wifli Sad and BamEE and 
cloned back into a iiill-lengdi RSV cDNA done, designated pRSVAM2-2 

Infectious RSV with Ibis M2-2 deletion was generated by transfecting 
pRSV AM2-2 plasmid into MVA-infected Hep-2 cells e?q)ressing N, P and L 
gjsnsts. Briefly, pRSVAM2-2 was transfect^toge&er with plasmidsenra 
proteins N»P and L, into Hq)-2 cells ^ch had bem infected with a 
recombinant vaccinia virus (MVA) aqnessmg the T7 RNA polymerase. 
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Tkms&ctiQnandteGOveiyofiecoi^ 

2 cells were q)lit five houra or a day befoe the trai^ 

Monol^^ers of Hqp-2 cells at 70% - 80% confliience were infected within at 
ami3ltipUdtyofiiifedion(moOof5aiidi^^ Tte 

5 cells we then washed once with OPTI-MEM (Life Technologies, 

Gaithersbur&MJ).). Each dish was replaced with 1 nd of OFH-MEM and 0.2 
ml transf ection medium was added The transfection medimn was prepared by 
mixing 0.5 - 0.6 ^ig of RSV antigenome, 0.4 jig of N plasmid, 0*4 \ig of P 
plasmid, and 0.2 p.g of L plasmid in a final volume of 0.1 ml OPTI-MEM 

10 medium. This was combined with 0.1 ml of OPTI-MEM containmg 1^ 

lipofecTACE (Life Technologies). Afber a IS minute incubation at room 
tenq)eiatuie, the DNA/HpofecTACBnibctuie was added to The 
medium was replaced one day later with MEM containm 
weie further incubated at SS^'Cfer 3 days and &esiQ)6rm Ihree 

15 days post-transfection, 0.3 - 0.4 ml culture supematants wece passaged onto 

fieshHep-2ceUs and incubated with MEM coxxtaining 2% FBS. After 
incubation for six days, the supernatant was harvested and the cells were fixed 
and stained by an indirect horseradish peroxidase method using goat anti-RSV 
antibody (Biogenesis) followed by a rabbit anti-goat antibody linked to 

20 horseradish peroxidase. The virus infected cells were tiien detected by addition 

of substrate chromogen (DAKO) according to the manufecturer's iostructions. 
Recombinant RSV which contained M2-2 g&xe deletion was recovered from the 
transfected cells. Identification ofrRSVAM2-2 was petfonned by RT/PCR 
usiiig primers flanking the deleted regioa AsshowninFig. 12A; acDNA 

25 fragment vAich is 234 nucleotides shorter than the wild-type RSV was detected 

in ZRSVAM2-2 infected cells. No cDNA was detected in the RT/PCR reaction 
which did not contam reverse transcriptase m the RT reaction. Thisindicated 
that the DNA product was derived from viral RNA and not fix)m contamination. 
The properties of the M2-2 deletion RSV are currently being evaluated. 

30 

10.2, SH DELETION MUTANT. 
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To delete the SH ^ne fiom RSV, a Sac I lestrictioiL enzyme site ym 
introduced at &e gene start signal of SH gene at position of nt 4220. A unique 
SacI site also ousts at the C-teminusofflieSH gene. Site-diiected mutagenesis 
was performed in subclone pET(A/SX ^ch contains an Avi]I(2129) SacI 

5 (4478) restriction fragment Digestion of pET(A/S) mutant 'with SacI removed a 

258 nucleotide fragment of the SH gene. Digestion of the pET(A/S) subclone 
containing the SH deletion was digested widi Avr H and Sac I and the resulting 
restriction fragment was then cloned mto a fuU4engthRSVcDI^ Hie 
frill-lengtti cDNA done containing the SH deletion was designated pRSVASR 

1 0 Generation of the pRSV ASH mutant was pof onned as described above 

(see 10.1). SH-minus RSV (rRSVASH) was recovered fiom MVA-infected 
cells that had been co-tians&cted withidRSVASH togefhex wi&N, P and L 
expression plasmids. Identification of the recovered rRSVASH was performed 
by RT/PCSlusiiig a pair ofprinaer8^;rfiidi flanked tfa^ Asshownin 

IS Fig. 12A, a cDNA band which is about 2S8 nucleotides shelter than the wild- 

type virus was detected in the rRSVASH infected cells. No DMA was detected 
m die RT/PCR reaction which did not have reverse transcriptase in the RT 
reaction. This indicated that the PGR DNA was derived fix)m viral 
was not artifiict, and that the virus obtained was truly SH-minus RSV. 

20 

103 GENERATION OF BOTH SH AND M2-2 
DELETION MUTANT 

Both SH and M2-2 genes were deleted fit>m the fiiU-lengtii RSV cDNA 
construct by cDNAsubcloning. A Sac I to Bam HI firagment containing M2-2 
2^ deletion removed fiom cDNA subclone pET(S/B)AM2-2RSV was cloned into 

pRSVASHcDNAclone. The double gene deletion plasmidpRSVASHAM2-2 
was confinned by restriction en2yme mapping. As shown in Fig. 12B» the 
SH/M2-2 double deletion mutant is shorter tiian the wild-type pRSV cDNA. 

Recovery of infectious RSV containing botiiihe SH and M2-2 deletion 
was perfi)rmed as described earlier. Infectious vmis with both SH and 
deleted was obtained fixim ttansfected Hq)-2 cells. 
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11. EXAMPLE: GENERATION OF A HUMAN 

RESPIRATORY SYNCYTIAL VIRUS VACCINE (RSV) 
CANDIDATE BY DELEIIN6 A VIRAL ACCESSORY 
CRNEfS^ EITHER SINGL Y OR IN COMBINATION 



Human lespiratoiy syncytial virus is fha nugor course of pi»umoma and 
bronchiolitis in infants under one year of age. RSV is responsible for more than 
one in jSve pediatric hospital admissions due to respiratory tract disease and 
causes 4^00 deaths yearly in the USA alone. Despite decades of investigation to 
develop an effective vaccine against RSV, no safe and effective vaccine has 
been achieved to prevent the severe tnorhidxty and significant mortality 
assodated willi RSV infection. Various approaches have been used to develop 
RSV vacdne candidates: formalin-inactivated virus, recombinant subunit 
vaccine of expressed RSV g^ycqprotems^ and live attenuated virus> Recently, 
gq^erationof live attenuated RSV rnutants has been the focus forthe RSV 
vaccine development. In the past, generation of live attenuated RSV mutant can 
only be achieved by in vitro passage and/or chemical mutagenesis. Virus was 
dlfacr underattenuated or overattemiated and was not ^elically stable. Hie 
present investigation provides an immediate approach to generate genetically 
stable live attoinated RSV vaccines by deleting an accessory gene(s) 
individually or in combination. Gene deletions are considered to be a very 
powerfiil strategy for attenuating RSV because such deletions will not revert and 
the recombinant RSV deletion mutants axe thus e3q)ected to be genetically very 
stable. 

RSV is umque among the paramyxoviruses in its gene organization. In 
addition to the P, L, O and F genes vriuch axe common to all the 
paramyxoviruses^ RSV contains four additional genes which encode five 
protefajs: NSl , NS2, SH, M2-1 and M2-2. M2-1 and M2-2 are translated fiom 
two open reading finEones that overlq) in the nuddle of 
enhances mRNA transcriptional processivity and also functions as an 
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antitermination ftctor by mcieasixig transcripticmal readtfaiough at ^ intergenic 
jmctions (Collins, P. L. etcdJProe. Natl Acad Sci USA 93, 81-85 (1996); 
Hardy, R- W. et J. Virol 72, 520^526 (1998)). However, the M2-2 protein 
was found to inhibit RSV RNA transciiption and replication in vitro (Ck>liins, P. 

5 L. et alJ^oc, Natl Acad ScL USA 93, 81-85 (1996)), The accessory protein 

NS 1 was reported to be a potent transcription inhibitor (Atreya, P, L et al., J. 
Virol 72, 1452-1461 (1998)). The SH gene has been shown to be dispensable 
for RSV growth in tissue cultuie hi a naturally occurring virus and in a 
recombmant RSV harixning an engmesred SH deletion (Bukceyev, A.et al,, J 

10 Virol 71(12), 8973-82 (1997); Karron, VLKetall IrfecL Dis, 176, 1428-1436 

(1997)). SH minus RSV rcpUcates as weU as the wild type RSV 2^ 
Recently, it was reported that the .NS2 gene could also be deleted (leng, M. K, 
etal /Wro/ 73(1), 466-73 (1999);Biichholz,U. J.e/a/. JWro/73(0^ 
(1999)). Deletion of M2-1, M2-2, and NS 1 has not been reported, neither was 

1 5 deletion of more than two nonessential genes reported. Traditionally, live 

attenuated vkus mutants were generated by passagmg of RSV at lower 
temperature for many times and/or mutagenized by chemical reagents. The 
mutations ace introduced randomly and the virus phmotype is difScult to 
maintain because revertants may develop. The ability to im>duce virus from an 

20 infectious cDNA makes it possible to delete gme or genes that are associated 

with virus pathogenesis. Gene deletion alone or in comlrination with mutations 
in the other vkal genes (O, F, M, N, P and L) may yield a stably attenuated RSV 
vaccine to efifectively protect RSV mfectian. 



25 



30 



11.1 GENERATION OF A HUMAN RESPIRATORY 

SYNCYTIAL VIRUS VACCINE (RSV) CANDIDATE 
mr niiTT^F.TIN G THE VIRAL M2-2 GENE 



This example describes production of aiecomhmant RSV m which 
e^qxression of the M2-2 gene has been ablated 1^ removal of a polyuocleotide 
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sequence encoding the M2^2 gene and its encoded jpiotein. Hie RS V M2-2 gene 
is encoded by M2-2 gene and its open reading frame is partially oved^iped with 
the S'-proximal M2-1 open reading frame by 12 anodno acids (Collins, P. L. et 
alJ^oa Natl Acad Sci USA 93, 81-85 (1996)). The predicted Ml-l 

5 polypeptide contains 90 amino adds, but the M2-2 protein has not yet been 

identified intracelluarly . The M2-2 protein down-regulates RS V RNA 
transcription and replication in a minigmome model system (Collins, P. L. et aL 
Proc. Natl Acad Sci. USA 92, 11563-11567 (1995)). The significance of this 
negative efEect on RSV SNA transcription and replication in the viral replication 

10 cyde is not known. 

IIAA RECOVERY OF RECOMBINANT 

RSV THATLACKS THE M2^2 GENE 

15 

To produce a recombinant RSV that no longer oqHresses the M2-2 
protdn, the M2^2 ^ne was deleted from a parental RSV cDNA done (Jin, H. et 
al. Virology 251, 206-214 (1998)). The anti^nondc cDNA clone encodes a 
conqilete anti^nomic RKA of strain A2 of RSV, vAMi was used successfully 
to recover recombinant RSV. This antig^omic cDNA contains a single 

20 

nucleotide change in the leader region at position 4 from C to G in its 
antigenomic sense. The construction of plasmid pA2AM2*2 involved a two step 
cloning procedure. Two Hi«i/Z/7 restriction enzyme sites were introduced at 
RSV sequence of 8196 nt and 8430 nt respectively in a cDNA subclone (pET- 
S/B) that contained RSV Sac I (4477nt) to ^omff /(8504nt) cDNA fragment 
usmg Quickchange mut^enesis kit (Strateg^e). Digestion of diis cDNA clone 
with JB/irfiflrrestriction en2yme removed fte 234 nt jfiroi iZ7 cDNA firagment 
that contained the M2-2 gene* The remaining Sac I to BamH I fragment that did 
not contain the M2-2 gene was then clcmed into a RSV antigenomic cDNA 
pRSVC40. The resulting plasmid was designated as pA2AKf2-2. 
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' To recover leccnnhin^ 
pA2 was transfected, together with plasmids encoding the RS V N, and 
L proteins under tibe control of T7 promoter, into Hep-2 cells which had been 
infected with a modified vacdnia virus encoding the T7 RNA polymerase 

5 (MVA-T7). After 5 hours incubation of the transfected Hep-2 cells at 35°C, the 

medium was replaced with MEM containing 2% FBS and the cells were fiirther 
incubated at 35X for 3 days. Culture supematants from the transfected Hep-2 
cells were used to in&ct the fiesh Hep-2 or Vero cells to amplify the rescued 
vhus. Reco veiy of r A2AM2-2 was mdicated by synqrtial formation and 

10 confirmed by positive staining of Ifae infected cells usmg polyclonal anti-RSV 

A2 Recovered rA2AAC-2 was plaque purified Hiree times and amplified 
in Vero cells. To confirm that tA2Md2-2 oontamed the M2-2 gene deletion, 
vital IQ^A was extracted fit>m virus and sulqected to 
primers spanning the M2-2 gene. VhalRNA was extracted fiom rA2AM2-2 and 

IS iA2 infected cell culture suponatant by an RNA extraction kit (EtNA STAT-SO, 

Tel-Test, Fiiendswood, T>Q. Viral RNA was revase transcribed with reverse 
transcriptase using a primer complementary to viral genome fiom 7430 nt to 
7449 nt The cDNA fragment spanning the M2-2 gene was amplified by PGR 
with primer V1948 (7486 nt to 7515 nt at positive-sense) and primer V1581 

20 (8544 nt to 8525 nt at negative srase). The PGR product was analyzed on a 1 .2 

% agarose gel and visualized by EtBr stainh^. As shown m Fig. 13Bj wild type 
xA2 yielded a PGR DNA product conesponduig to the predicted 1 029 nt 
fi:agmfint, wbumas rA2AM2-2 yielded a PGR product of 795 nt;, 234 nt shorter. 
Generation of RT/PCR psro duct was dependent cm the RT step, indicafing that 

25 they were derived fix3m RNA rattier fiian from DNA containu^^ 



11.1 J RNA SYNTHESIS OF rA2AM2-2 

mRNA expression from cells mfected wiifa cA2M<2-2 or rA2 was 
30 analyzed by Northern blot hybridization £malyses. Total cellular RNA was 

extracted from rA2AM2-2 or rA2 m&cted cells by an RNA ex^^ 
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STAT-60, Tel-Test, Riendswood, TX), UNA was dectrophoiesed <m a 12% 
^ g^ fift get cp nfi^inTTig firMTnaldeTiyde and transfiBrred to a nyjoa msDibraae 
(Amorsham Fhaimada Biotech, VUcstecmy^ NJ). The membiane was Iqrbiidized 
with a RSV gene speciiBc ribopiobe labeled wilh digoxigenin (Dig). The 

5 hybridized RNA bands were visualized fay using Dig-Luminescent Detection Kit 

for Nucleic Acids (Boehringer Mannheim, Indianapolis, IN). Hybridization of • 
the membianes with riboprobes was done at 65**C, menabrane washing and 
signal detection w^ perfonned according to the standard procedures. To 
examine mRNA synthesis ftom rA2AM2-2 and rA2, accumulation of the M2 

10 mRNA arid the other viial mKNA products in infected Veto cells was analyzed 
by Noidiem blot hybridization. Hybridizatton of Ihe blot with a probe specific to 
the M2-2 open reading fiame did not detect any signal in rA2AM2-2 infected 
cells, bistead, a sh(»rter M2 mRNA was detected in tA2AM2-2 infected cells 
using a riboprobe sfpedfic to the Nf2-1 gene (Fig. 14A). These observations 

IS confirmed that the M2-2 gene was deleted fiK»n£A2AM2-2* Accumuladon of 

the ofiier nine RSV mRl^A transcripts was also examined and fiie amounts of 
each mRNA were fiiund to be comparable betwe«i r A2 AM2-2 and rA2 infected 
cells. Examples of Northern blots probed with N, SH, G and F are also shown in 
Fig. 14A. Slightly fester migration of F-M2 bicistronic mRNA was also 

20 discernible due to the deletion of the M2-2 region. 

The M2-2 protem was previously reported to be apotent transcriptional 
negative regulator in a ypi^Tiigftn^e leplicadon ass^. However, deletion of the 
M2-2 gene from virus did not appear to afiect viral mRNA production in 
infected cells. To detomine if levels of vu:al andgenome and genome RNA of 
^ rA2AM2-2 were also similar to rA2, the amount of viral genomic and 

andgenomic RNA produced in infected Vcro and Hep-2 cells was examined by 
Northern hybridization. Hybridization of the infected total cellular RNA with a 
^-labeled F gsac riboprobe specific to the negative genomic sense KNA 
mdicated that much less genomic RNA was produced in cells infected with 
rA2AM2-2 compared to rA2 (Fig. 14B). A dq)licate membrane was hybridized 
with a ^^-labeled F gene ribc^be spedfic to the podtive sense RNA. Very 
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Me andgenomic KNA was detected in cells infected vAih i:A2 AM2-2, altbougli 
the amount of the F mRNA in iA2 AM2-2 infected cells was comparable to rA2. 
Thmfore, it ^ears that RSV genome and andgenome synthesis was down- 
regulated due to ddetion of die M2-2 gene. This down-regulation was seen in 
5 both Veto and Hep-2 cells and thus was not cell type dependent 

11.1 J PROTEIN SYNTHESIS Of rA2AM2-2 

Since the putative M2-2 protein has not been idcait^ 
10 cdls previously, it was thus necessaiy to denuxostrate that the M2-2 protein is 

indeed encoded by RSV and produced in infected cells. A polyclonal antiserum 
was produced against the Nf2-2 fizsion protdn lliat was 
eqpression system. To produce antiserum against llie M2-2 protein of RSV, a 
cDNA &agment encoding Ibe M2-2 open reading firame from SlSSnt to 8430nt 
15 was amplified by PGR and cloned into die pRSETA vector (Invitrogen, 

Carlsba4 CA). pRSETA/M2-2 was transformed into BI51-Gold(DE3)plysS 
cells (Strategene, La Jolla, CA) and expression of Hxs-tagged M2-2 protein was 
induced by IPTG. The M2-2 fusion protein was purified through HiTrap affinity 
columns (Am^^ham Pharmacia Biotech, Piscataway, NJ) and was used to 
20 tmmimize rabbits. Two wedb after a booster kmnunization, rablnts were bled 
and the serum collected 

ViiBl spedfic proteins produced &)m infected celb were asal^^ 
immunoprocipitation of Ibe infected cell extracts or by Western blotdng. For 
immunoprecipitation analysis, the infected Vero cells were labeled widi ^S- 
promix (100 ^Ci/mI ^S-Cys and ^^S-Met, Amersham, ArUngton Hd^Hs, IL) at 
14hrto 18 hrpostinfectLQiLTlie labeled ceU monolayers were lysed by RIP^ 
bu^ and the polypeptides immunoprecipitated by polyclonal anti-RS V A2 
seram (Biogenesis, Sandown, NIQ or anli-M2-2 servaocL Bnmunoprecip i t ati on of 
iA2 infected Vero cell lysates with anti-M2-2 andbo dy produced a protein band 
of approximately 1 0 kDa, which is the predicated size for the M2f-2 polypeptide. 
This polypeptide was not detected nLiA2AM2-2 in&cted cells (Fig.l5A), 
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mnfirming tfiftt is a piotdn ptoduct pToduced by RSV and its escpression 
yms ablated fFamrA2AM2-2« The overall polypqptide pattern of tA2AM2-2 was 
mdistxnguishable fixjmlbat of iA2. However, it was noted that dig|itly more F 
and SH proteins were produced in rA2AM2-2 infected Vero cells by 
5 immunoprecipitation. Nevertheless, by Western blotting analysis, a comparable 

amoimt of SH was ptodaced in cells infected wilh rA2AM2-2 or tA2 (Pig.lSB). 

lomiimqpredtdtated polypeptides were electrophoresed on 17.5% 
polyaciylanude gels containing 0. 1% SDS and 4 M urea, and detected by 
autoradiography. For Western blotting analysis, Hep-2 and cells were 
^ ^ infected with iA2AM2-2 or iA2. At various times postinfection, virus infected 

cells were lysed inprotdn lysis buffer and flie cell lysates were electrophoresed 
on 17.5% polyacrylamid^ gels containing 0.1% SDS and 4 M urea. The proteins 
were transferred to a nylon membrane. Immunoblotting was performed as 
described in Jin et al (Jin, H. et al Embo J 16(6), 1236-47 (1997)), using 
polyclonal antiserum against M2-1, NSl, or SR 

Western blotting was used to det^mine the protein synthesis kinetics of 
rA2A^Q-2 inbolh Veto and Hep-2 cell lines. Hep-2 or Vero cells were infected 
with rA2AM2-2 or £A2 at moi of 0.5 and at various times of postinfection, tiie 
infected cells were harvested and the polypeptides separated on a 17.5% 
polyacrylamide gel containing 4 M urea. The proteins were transferred to a 
nylon membrane and probed witii polyclonal antisera against the three accessory 
proteins: M2-1, NSl and SH. Protein expression kinetics for aU three viral 
proteins were very similar for rA2 AM2-2 and rA2 in bofli H^2 and Vero cells 
(Pig. 1 SB). Synthesis of tiie NSl protein was detected at 10 br postinfection, 

25 

which was slightiy earlier than M2-1 and SH because the NSl protem is the first 
pne translated azid is a very abimdant protein product in infected cells. Similar 
protein syntiiesis kinetics was also observed when the membrane was probed 
witii a polyclonal antiserum agamst RSV (data not shown). Con^^arable M2-1 
was detected m tA2AM2'*2 infected cells, indicating that deletion of the M2-2 
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open leading fiame did not affect die l€^l of Ifae M24 protein that is translated 
by liie same M2 mKNA. 

11.1.4 GROWTH ANALYSIS OF RECOMBINANT 

To con^mre pkqoe morphology of iA2AM2^2 wifh rA2, Hq)-2 or Vero 
cells were infected with each virus and overlayed with semisolid medium 
composed (rf 1% methjdceUulose and 1 X LIS medium with 2% FBS. Five days 
after infection, in&cl^ cells were inmiunostai 

strain. Plaque size was determined by measuring plaques firom photographed 
microscopic images. Plaque formation of rA2AM2-2 in Hep-2 and Vero cells 
was compared with rA2. As shown in Fig. 16, rA2AM2-2 formed pin point sized 
plaques in Hep-2 cells, with a reduction of about 5-fold in virus plaque size 
observed for rA2AM2-2 compared to rA2. However, only a slight reduction in 
plaque size (30%) was seen in Vero cells mfected witiirA2AM2-<2, 

A gFO will kinetics study of iA2AM2-2 in comparison with £A2 was 
perfmned in botii Hep-2 and Vero cells. Cells grown in 6-cm dishes were 
infected with rA2 or rA2AM2^2 at a moi of O.S. After 1 hr adsorption a^ 
temperature, infected cells were washed three times witii PBS, replaced with 4 
ml of OPn-MEM and incubated at 35"C incubator containing 5% CO^. At 
various times post-infection, 200|jd culture siq)ematant was collected, and stored 
at -70°C until virus titration. Bach aUquot taken was rq>laced with m 
amoxmt of firesh medium. Virus titerwas detemuncd by plaque assay in Vero 
cells on 12-well plates using an overlay of 1% methylcellulose and 1 X LIS 
medium containing 2% FBS. As seen in Fig« 17, rA2AM2-2 showed very slow 
growth kinetics and the peak titer of rA2AMZ-2 ytBs about 2.5 -3 tog lower tiian 
tliat of rA2 inHq>-2 cells, hi Vero cells^ rA2ANQ-2 reached a peak titer similar 
to rA2. To analyze virus replication in different host cells^ each cell Ime grown 
in 6-well plates was mfected witiirA2ANC-2 or xA2 at moi of 0^ Three days 
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postixi&ction» llie cdlwe supe^ 

by plaqoe assay. rA2AM2-2 vm emnmed for its growth properties in various 
cell lines fbat derived fin)m differ 

Significantly leduc^sd replication of rA2AM2-2, two ordcis of magnitude less 
than rA2, was observed m infected Hep-2, MRC-5, and Hela cells, all of human 
origm. However, replication of rA2AM2-2 was only slightly reduced in MDBK 
and LLC-MK2 cells lhat are derived fiom bovine and rhesus monkey kidney 
cells, respectively. 

Table 3. RepHcation levels of rA2 M2-2 and rA2 in varions ceU lines 



Cell fines 


Host 


Tissue origin 


Ymts titer [logio(pfa/nil)] 








rA2 


rA2AM2-2 


Veto 


Monkey 


Kidney 


6.1 


6.1 




Human 


Laiynx 


62 


4J 


MDBK 


Bovine 


Kidb^ 


6.1 


5.5 


MRC-5 


Human 


Lung 


5.5 


3.0 . 


Hela 


Human 


Cervix 


6.6 


4.5 


LLC-MK2 


Monk^ 


Kidney 


6,7 


6.1 



11.1^ REPLICATION OF rA2AM2-2 
IN MICE AND C OTTON RATS 



Virus replication in vtvo was determined in respiratory pathc^en-fiiee 12- 
week-old Balb/c mice (Simonsen Lab., Gilroy, CA) and S, Hi^idus cotton rats 
(Vidon Systems, Rockville, MD). Mice or cotton rats in groups of 6 i?veie 
inoculated intranasaUy mider UgU me&ox^ 

animal in a 0.1-rnl inoculum of rA2 or rA2AM2*-2. On day 4 postinoculation, 
animals sacrificed CO2 asjdiyxiati 

were obtained separately. Tissues were homogenized and virus titers were 
determined by plaque assay in Vero cells. To evaluate immunograidty and 
protective efOcacy, three groups of mice were inoculated intranasally with xAZy 
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XA2AM2-2 or medium only at day 0. Three weeks later, mice were asesfhetized, 
senim samples vrm collected, and a challenge ixioculation of 10^ p& of 
biologically derived wild type RSV strain A2 was administered intcanasally. 
Four days post-challenge, the animals were sacrificed and both nasal turbinates 
and lungs were harvested and virus titer determined by plaque assay. Serum 
antibodies against RSV A2 strain were detemiined by 60% plaque reduction 
assay (Coates, RV, et al., AM J. E^^icL 83:299-313 (1965)) and by 
immunostaining of RSV infected cells. 

Table 4, Replication of r A2AM2-2 and rA2 in cotton rats 



20 



25 



Virus 


Virus titer (mean bgio pfa/g tissue ± SS)^ 




Nasal turbinates 


Lung 


rA2 


4.0:1:0.33 


5.5 ±0.12 


£A2AM2-2 


<1.4 


<1.4 



IS * Groups ofsix cotton rals were imirninfre^ 

0. The bvd of m&Gted idnis Tq)IicatiQn at day 4 WBS 
indicated spedmiBDa^ aid the inean log)o tite 
dctcfxninod. 

To evaluate levels of attenuation and immnnogenidty of rA2ANQ-2f 
replication of £A2 ANC-2 in fhe npp» and bwer xespiiatoty tiact of mice and 
cotton rats was examined. Cotton rats in groups of 6 were inoculated with 1 0^ 
p& of rA2AM2-2 or tA2 inlianasally. Animals were sacrificed at 4 days 
posdnoculation, their nasal turbinates and lung tissues were harvested, 
homogenized, and levebofvinisrq)Ucation in these tissues were detennined by 
plaque assay. rA2AM2^2 exhibited at least 2 log teduction of replication in both 
nasal turfamates and lungs of the in&cted cotton rats (Table 4) . No virus 
i^lication was detected in cotton lals in&cted with ZA2AM2-2, vt^ieteas a hi^ 
level of wild type r A2 vinis teplication was detected in both tiie iqyper and bwer 
re^piratoiy tract of cotton rats. Attenuation of iA2AM2-2 was also observed in 
mice. Geometric mean titer of virus replication and standard error obtained fiom 
twoe3q)aimentsare5h0wninTal>le5. tA2AMZ-2 replication was only detected 
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m<me or two of 12 infected mice. The leplicadon was limited, cmly a£sw 
plaques were observed at 10^^ dilution of die tissue homo^nates. Despite its 
lestticted replication in mice, rA2AM2-2 induced significant resistance to 
challenge with wild type A2 RSV (Table 5). Whm mice previously inoculated 
5 with rA2AM2-2 or rA2 were inoculated intamasally with 10^ pfii dose of wild 
type A2 strain, no wild type A2 virus replication was detected in the upper and 
lower respiratory tract of mice. Therefore, rA2AM2-2 was flilly protective 
against wild type A2 virus challenge. 

The immunogenicily of £A2AM2-2 was also examined. Two groiq>s of 
^ ^ mice were infected with tA2AM2r2 or rA2, and duee weeks later, serum 

samples were collected. The serum neofralization titer was detmnined by 50% 
plaque reduction titer. The neutralization titer from rA2AM2-2 infilled mice 
was comparable to that of rA2, both had 60% plaque reduction liter at 1:16 
dilution. The serum obtained from rA2AM2-2 infected mice was also able to 
immunostain RSV plaques, confimung that RSV-specific antibodies were 
produced in rA2AM2-2 infected mice. 



Table 5. Replication of rA2AM2"2 and rA2 hi ]nice> and protection against 
wild type A2 RSV chaUenge 



TmTWutiiMTig 


Virus replication* 


RSV A2 replication after challei^e'' 


Vims 


^ean logip pfii/g tissue ± SE) 


(\lean log^ pfii/g tissue ± SE) 




Nasal tuctanates Lung 


Nasal tarbinaies Lung 


£A2 


3.72 ±033 4.0 ±0.13 


<1.4 <1.4 


IA2AM2-2 


<1.4 <1.4 


<1.4 <1.4 


Control 


<1.4 <1.4 


3.53 ±0.17 4.10 ±0.13 



' Qmp^ ftf 1? BnlWf r**^ hmmmim\ hifranaaaT^qftth 1 pfil nf tiia indicated vims on 

day 0. The levd of infbetBd virus in indicate 

and ^ mean logjo titer ^ standard mar (S^) per 9am tissue vm deteminfid. 



^ Groups of 6 Balh/c lAice we inbanasally administered widi 10* pfr ofltSV A2 an day 21 
and sacrificed 4 dsys later. Rq)lication of wild type RSV A2 h tissues as indicated was 
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deteanmedby plaqiies Bssay, and the mfianlogio titer standard enor (SE) per gram tissue were 
detennioed. 

The two RS V antigenic subgroiq)s, A and B, exhibit a xekdvely high 
degree of conservation in M2-2 protdns, suggesting fimctional importance for 
the M2-2 protein. Transcrq}tional analysis for rA2 and IA2AM2-2 yielded 
in^)ortant findings within the presait example. Although ovarall mRNA 
transcriptional levels were siibstanliaUy the same for both viruses, Northem blot 
anal}^is revealed dramatic reduction of virus ^nome and antigenome RNA for 
IA2AM2-2 compared to wild type zA2. This jSnding is caabtadictoiy with what 
has been reported &r flie negative transcriptional regulation of the NO-2 protdn 
inaminigenome systeuL It thus ai^pears that the fimctional role of MZ-2 indie 
virus life c^cle is more coniplicated ttan previously thougjht. Nevertheless, the 
reduction in the level of genome and antigenome of iA2AM2-2 did not appear to 
affect virus yields in infected Vero cells. 

Hie finding that rA2 AM2'-2 exhibited host range restricted replication in 
different cell Imes provided a good indication that deletion of a nonessential 
gene is a good means 1o oeate a host range mutant, v^ch can 
inq^ortant feature for vaccine strains. tA2AM2-2 did not replicate well in 
several cell lines that are derived fitsm human origin, lower virus yield was 
produced &om these cell lines. However, tte levels of protein syndesis in Hep-2 
cells were sunilar to Vero cells ftatiffoduced high levels of rA2AM2-2. This 
indicated that the defect in virus release was probably due to a defect in a later 
stage, probably during the virus assembly process. 

The finding that tiie M2-2 minos virus grows well in Vero cells and 
exhibits atteinjation in the upper and lower respuatory tracts of mice and cotton 
rats presents novel advantages for vacdne developmeiiL The reduced replication 
in respiratory tracts of rodents did not afEect immunogenicity and protection 
against challenging wild type virus replicatian, mdicflting fliat this M2-2 minus 
virus may serve as a good vaccine finr hnnian use. 1^ 
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deletion nuitalioD, mvohdng a 234 nt deletion^ lepresents a type of mutation that 
ynH be highly le&actoiy to reversion. 

GENERATION OF A HUMAN RESPIRATORY 
SYNCYTIAL VIRUS VACCINE (RSV) CANDIDATE 
BY DELETING THE VIRAL SH GENE 

This example descnbes ptoduction of a recombinant RSV in vMck 
expressiim of the SH gene has he&i ablated by removal of a polymideotide 
sequence encoding the SH gene and its encoded protran. The RSV SH protein is 
encoded by the SH nxElNA wMdi is Ibe 5^ gene transit 
jnotein contains 64 ammo acids in the strain A2 and contains a putative 
transmembrane domain at amino add positions 14-41. The SHprotem only has 
counterparts in sJmian virus 5 (Hiebert, S. W. etoLS.J Vbvl 55(3), 744-51 
(1985)) and munps virus (Elango, K et al J Virol 63(3), 1413-5 (1989)). The 
fimction of the SH protem has not been defined. This example demonstrated that 
the entire SH gene can be removed ftom RSV. Thus, SH gene deletion may 
provide an additional method for attenuating RSV by itself or in combination 
witb other gene deletions or mutations. 

To produce a recombmaxit RSV having deletion in the RSV, the entire 
SH open readii^ fiame was deleted fixmi an- infectious cDNA clone that derived 
ftom tiie RSV A2 straia A two step cloning procedure was performed to delete 
the SH gene (from 4220 nt to 4477 nt) from a cDNA subclone. A Sac I 
restriction en^me site was introduced at the gene start signal of the SH gene at 
position of 4220 nt A unique Sac / site also exists at the C-terminal of tiie SH 
gene at position of 4477nl Site-directed mutagenesis to introduce a Sac I site at 
the 5* of the SH gene was performed in pET(A/S) subclone, which contained 
iivr JI(2129nt) to i&w / (4477nt) restriction fragment of RSV sequence. 
Digestion of pBT(A/S) plasmid that contained the introduced Sac I site with Sac 
/restriction en2yme rooaoved 258 iat fragment of the SH gene. pET(A/S) ^ch 
had the SH gene deletion was di^sted witiiilvr //and jSSoc /and the released 
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RSV lestnctiQn fragment was tiien cloned into a fiill lengdi RS V cDNA clone. 
The full-length cDNA clone containing the SH gene deletion was designated 
I1A2ASH. 

Generation bf pA2ASH mutant was petfotmed as described above (see 
^ Section 7). SH-minus RSV (iA2ASH) was lecoveted fiom MVA-in&cted cells 

that had been co-trans&cted with pA2 ASH together with tl^ 
expressed the P and L proteins, respectively. Identification of the recovoted 
rA2ASH was performed by RT/PCR using a pair of pdmers winch flanked the 
SH gme. A cDNA band lliat is aibout 258 nucleotide shorter than the wild*type 
RSV (rA2) was detected m the rA2ASH infected cells. No PGR product was 
sem in the RT/PCRieaction that did not have rev^e transcriptase in the RT 
reaction. This indicated fbat the PGR DNA was derived firom viral RNA and is 
not arti&ct, and the virus obtained is truly SH-minus RSV. 

To compare plaque morphology of iA2ASH with £A2, Hep-2 or Vero 
cells were ixifected with each vmis aiui ova:kyed wi 
composed of 1% metfaylceltulose and 1 X LI S medium with 1% FBS. Five days 
after iiifection, infected cells wea:e unmunostamed wi& 
strain. The plaque size of r A2ASH is similar to that of rA2 m both Hep-2 and 
Vero cells. 

20 

To axsalyze virus replication in diffaro:!! cell lines that were derived fiom 
various hosts with different tissue origin, each cell line grown in 6-well plates 
was in£ected with rA2ASH rA2 at moi of 02. Ilnee dajrs postinfi^ 
culture supematants were collected and virus was quantitated by plaque assay. 
25 As shown m Table 6|rq)licati(mofiA2ASH was vcay similar to 

ceU lines examined, mdicating that tiie growdi of SH-mmus RSV was n 
substantially afiected by host range efifects. 

*, 
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Table 6. Growtb comparison of rA2ASH and rA2 in different cdl lines 



5 



10 





Host 


Tissue origin 


Virus titer [logio(pfu/nil)] 


Cell tines 


- 








Vero 


Monkey 


Kidnqr 


5.8 


5.7 


Hep**2 


Humaa 


Laiynx 


6.5 


6.1 


MDBK 


Bovine 


Kidney 


6.3 


6.6 


MRC-5 


Human 


Lung 


5.5 


5.3 


Hela 


Human 


Cervix 


6.5 


6.0 



Virus leplicatian to vivo was determined in respiiatoiy paHiogen-free 12- 
week-old Balb/c mice (Simonsen Lab., OSioy, CA). Mice in groi^ of 6 were 
inoculated intranasally under light medioxyflurane anesthesia wiHi 10^ piii po: 

IS animal in a 0.1-ml inoculum of rA2 or rA2ASH. On day 4 postinoculation, 

animals were sacrificed by CO^ asphyxiation and tbeir nasal tnibinates and lungs 
were obtained separately. Tissues we homogenized and.vnus titers were 
determined by plaque assay in Vero cells. As shown in Table 7, level of 
rA2ASH replication in lower respiratory tract was only slightly lower than rA2, 

20 indicating that SH deletion alone may not be sufficient to attenuate RSV» 

Table 7. Replication of rA2 ASH and rA2 in mice 



Virus 


Virus titer in luog (mean logu p&/g tissue ± S£)' 


rA2 


3.754 0.07 


25 TA2ASH 


321:1:0.25 



'Groups of mice were umnuoizediDtranasally with lO^pfhof fiie indicated vinis on day 0. The 
level of infected virus repMcatioii at digr 4 was detennined by plaque assay on indicaled 
spedmens, and die mean log, o tiier ± standard enac (SE) per gram tissue woe detennined 
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113 GENERATION OF A HUMAN EESFIRATORY 

SYNCYTIAL VIRUS VACCINE (RSV) CANDIDATE 

PY pmTiNG 7m mAi4 wisusems 

Iliis exaaq)le describes production of a recombiziant RSV in vMdi 
escpression of tioe NSl gene has been ablated by removal oFa polynucleotide 
sequence encoding llie NS 1 gene and its encoded piotdn. The RSV NS 1 is 
encoded by the 3' promialNSl gqie in the 3' to S' direction of the RSV gene 
map. The NS 1 protein is a small 1 39-ainino add polypeptide and its mRNA is 
most abundant of the RSV mRNA. The function of the NSl protein has not yet 
been clearly identified. Jn the leconstituted RSV minigenome system, tiie NSl 
proteia appeared to be a negative regulatory protein for both transcription and 
RNA replication of a RSV minigenome (Giosfeld, JL et d.. J. Virol 69, 5677- 
5686 (1995)). The NSl protem does not have a known counteipart in other 
paramyxoviruses and its function in virus replication is not known. This 
eKanq)le demonstrated that the entire NSl gene can be removed firom RSV and 
NSl ddetion may provide an additional method for attenuating RSV or in 
combination with other RSV gene deletions or mutations. 

To delete the NS 1 gene fix)m RSV, two'reslriction enzyme sites were 
inserted at positions of the NSl gene start signal and downstream of the NSl 
gene end signal. A two step cloning procedure was perfonned to delete the 
entire NSl gene fiom RSV. A Pj/ /restriction ou^/nie site was introd^^ 
position of 45 nt and at position of 577 nt of RSV sequence by site-directed 
mutagenesis. Mutag^neds was performed in pETQUA) cDNA subclone, which 
contained the first 2128 nucleotides of RSV sequences that encode tbe NSl, 
NS2 and part of the N gene of RSV. The 2128 nucleotide RSV sequence was 
cloned into ttie pBT vector tiirough the Ama / and Avr U restriction enzyme sites . 
Digestion of pETCX/A) plasmid tiiat contained the introduced two Pd^r/ 
restriction enzyme sites removed the 532 nucleotide fi:agment that contained the 
NSl gene. Tbe deletion included the NSl gene start signal, the NSl coding 
region, and the NSl gene end signal. pET(X/A) ^ch contained the NSl 
deletion was digested vnShAvr XT and Sac /and the rel^ised restriction fiagment 
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was then cloned into aM teDgHiRSV cDNA done. The M-IogthRSV 
antigenomic cDNA clone coptaming the NSl fflne deletion was designated 
pA2ANSL 

Generation^f pA2ANS 1 mutant was potfonned as described above (see 
Section 7). NSl-mimis RSV (rA2ANSl) was recovered ftom MVA-infected 
cdls that bad been co-transfected with pA2ANSl together with tiiree plasmids 
that expressed the N> F and L proteins, ieq)ectively. Recovery of in&ctious RSV 
was mdicated by syncytial fiOTiati 

antibody against RSV. Identification of fhe recovered rA2ANSl was performed 

by RT/PCR using apau: of primers flanking &eNSl gene, A cDNA band that is 

about 532 nt sbsytbex than the wild-type RSV (rA2) was detected in the r A2 ANTS 1 

mfected cells. No PGR pax>duct was seen in the RT/PCR reaction ^ 

have reverse transcriptase in &e RT reaction. This indicatedlhat Oe PCRDNA 

was derived from viral RNA and is not arti&ct» aiul the vhiis o1^ 

NSl-minusRSV. 

mRNA expression fiom cells infected with xA2 ANS 1 or r A2 was 
analyzed by Northern blot hybridization analyses. Total cellular RNA was 
extracted £x)m tA2ANSl or xA2 infected cdls by an RNA extraction Ut 
STAT-60, Tel-Test, Friendswood, TX), RNA was dectroidioresed on a 1,2% 
agarose gel containing formalddhyde and transferred to a nylon mCTofarane 
(Amersham Fharmada Biotech, Piscataway, NJ). The membrane was hybridized 
with a riboprobe specific to the NSl, NS2 or M2-2 gene. As shown in Fig.18, no 
NSl mRNA was detected in cells mfected with rA2ANSl using a probe that was 
specific to the NSl gene. The feet that the NSl gene can be deleted from RSV 
identifies that the NS 1 protein is an accessory protein product that is not 
essential for RSV replication, tA2ANSl formed very small plaques in infected 
Hq>-2 cells, but only slight plaque size reduction was sem in Vero cells 
(Fig. 19). The small plaque phenotype is onninonly associated with attenuating 
motatLons. 
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A giOTvfli ]dnetics Study of IA2ANS1 in conq^^ 
p^onned in Vero cells. Cells ffovm in 6<m dishes were infected witli tA2 or 
£A2ANS1 atamoi of 0.2. As seeninFig. 20,rA2ANSl showed very slow 
growth kinetics and its peak titer was about 1 .5 log lower than that of tA2. To 

5 analyze virus replication in different host cells, each cell line grom in 6-weIl 

plates was infected withiA2ANSl or rA2 at moi of 0.2. Three days 
postinfection^ the culture si^ematants were collected and virus was quandtated 
by plaque assay. tA2i&NSl had about 1-1.5 log reduction in virus titer compared 
to iA2 in Vero, Hep*2 and MDBK cells. About 2 log reduction in virus titer was 

10 observed in Etela and MRCS cells (Table 8). Replication of iA2ANSl in a small 

animal model is cuirwtiy bdng investi^pled. Freliminaiy data indicated that 
xA2AN[Sl is attenuated in potton rats. The NSl deletion mutant therefore 
provides an additional metiiod ftr attenuatixig RSV. 

15 

Table 8* Giwfli comparison of rA2ANSl and rA2 in difFerent cell lines 



20 



Cell lines 


Viius titer |logio(pfi]/ml)] 


iA2 


£A2ANS1 


Veto 


6.4 


5.5 


Hep-2 


6.7 


5.1 


MDBK 


6,1 


52 


MRC-5 


5.9 


3.6 


HesU 


6.5 


4.5 



25 

11.4 GENERATION OF A HUMAN BESFIRATORY 

SYNCYTIAL VIRUS VACCINE (RSV) CANDIDATE 
Kv TO?.T vnrma the viral ns2 gene 

This exBnq)le describes production of a recombinant RSV in 
eiqiressian of the NS2 gene has been aUated by removal of apolynocleotide 

30 

sequence encoding the KS2 gene and its encoded pototein. Hie NS2 is a small 
protein that is ecicoded by the second 3* pojdnml NS2 in 
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of RS V g^me . The NS2 protem might be llie second most abundant RSV 
ptotein of RSV, but its fimcdon lemains to be identified. 

To delete the NS2 gene from RSV, two restriction enzyme sites were 
inserted at positions of upstream of the NS2 gene start signal and downstream of 
the NS2 gene end signaL A two step cloning procedure was performed to delete 
the entire NS 1 gene from RSV. APstJ restriction enzyme site was introduced at 
position of 577 nt and at position of 1 1 10 nt of RSV sequence by site-directed 
mutagenesis. Mutagenesis was performed in pBTCX/A) cDNA subclone, vMch 
contained the first 2128 nt of RSV sequraces at antigcnomic sense that encode 
theNSl» NS2 andpart of ttieN of RSV. The 2128 nt RSV sequences were 
cloned into the pET vector trough Hie XmalandAvr J7restriction en^rme sites. 
Di^stion of pETCX/A) plasnud that contained the mtroduced two FstI 
restriction enzyme sites removed 533 nucleotide fiiagment of the NS2 gene. The 
533 nt fragment contained the gene start signal of NS2, NS2 coding region and 
title gene end signal of NS2* pET{X/S) plasmid that contained the NS2 gene 
deletion was digested with Aw II and Sac /restriction en2ymes and the released 
RSV restriction fragment was then cloned into a fidl length RSV cDNA clone* 
The full-length cDNA clone containing the NS2 gene deletion was de^gnated 
pA2ANS2. 

Generation of £A2ANS2 mutant was performed as described above (see 
Section 7). NS2-minus RSV (rA2ANS2) was recovered fix)m MVA-infected 
cells that had been co-transfected with pA2AN'S2 together with Ihree plasmids 
that expressed the N, P and L proteins, respectively. Recovery of infectious RSV 
was indicated by syncytial formation and confirmed by immnnostaining with an 
antibody against RSV. Identification of the recovered rRSVANS2 was 
performed by RT/PCR using a pair of primers that flanked the NS2 gene, A 
d)NA band that is about 533 nucleotide shorter than the wild-type RSV (rA2) 
was detected in titie£A2ANS2 infected cells. No PCRproduct was seenintbe 
RT/PCR reaction that did not have reverse transcriptase in the RT reaction. This . 
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indicated tliat liie PGR DNA vm dezived fiom vual RNA and is not ard&ct, and 
fhe vinis obtained is truly NS2-miniis RSV. 

noORNA eacpiession fitun cells in&cted iwiftL zA2 ANS2 or rA2 was 
analyzed by Norfliem blot hybridization analyses as described earlien The blot 

5 was hybridized with a riboprobe specific to the NSl, NS2 or M2-2 geae» As 

shown in Fig.18^ no NS2 mSNA was detected in ceils infected with xA2ANS2 
usbg a probe that was specific to the NS2 gene. Comiwrable level of NSl and 

mRNA was detected in £A2ZiJSrS2-infected cells. The &ct tiiat the NS2 gene 
can be deleted fix>m RSV indicates that the NS2 proteia is an ac^ 

1 0 product that is not essential &r RSV replication. rA2ANS2 formed very small 

plaques in infected Hep-2 cells, but plaque size sindlar to rA2 was seen in 
XA2ANS2 infected Veco cells (Pig.l9). The small plaque phenolype is 
commonly associated vnih attenuating mutations. 

A growth kinetics stxidy of tA2ANS2 in contparison with zA2 was 

15 performed in Veco cells. Cells grown in 6-cm dishes were infected with rA2 or 

rA2AMS2 at a moi of 0.2. As seen in Fig« 21, rA2ANS2 showed slower growth 
kinetics and its peak tito: was about 5-foId lower than that of rA2. To analyze 
virus replication in diflferent host cells, each cell line grown in 6-weIl plates was 
infected with £A2^S2 or rA2 at moi of 0.2. Three days postinfection, the 

20 culture supematants were collected and virus was quantitated by plaque assay. 

r A2ANS2 had only sli reduction in virus titer compaied to r A2 in Vero cells . 
About a 1 log reduction in virus titer was observed in Hep-2, 1^ 
MRC5 cells (Table 9). Replication of rA2ANS2 in a small animal model is 
currently bemg investigated. rA2ANS2 exhibited about 10-fold reduction of 

25 replication in tiie lower lespnataty tract of cottonrats (Table 10). TheNS2 

deletion mutant tiierefore provides a method to obtain attemiated RSV. 

Table 9. Growth comparison of rA2ANS2 and rA2 in different cell lines 

Virus titer [iog|o(pfii/ml)] 

Cell lines rA2 rA2NS2 
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5 



Vera 


6.4 


6.2 


Hep-2 


6.7 


SS 


MDBK 


6.7 


5.2 


MRC-5 


5.9 


4.7 


Hela 


6.5 


5.5 



Table 10. Replication of rAZANSQ and rA2 in cotton rats 



10 



Viius 


Viros titer in lung (mean log 10 pfu/g tissue 




±SE)' 


iA2 


3.93 ±0.13 


RA2ANS2- 


2.79 ±0,47 



^ Ofoi^s of five cotton rats wera iimnuniz^ 

dcQfO. The levd of infected vinis replication at day 4 was 

indicated specimens, and flie mean log 20 titer it standard enor (SB) per gram tissue was 
detennlned. 



11^ GENERATION OF A HUMAN RESPIRATORY 

SYNCYTIAL VIRUS VACCINE (RSV) CANDIDATE 
nv nrnvjima trk vni at. m^i and sr genes 

This example describes production of a recoxnbinant RSV in vAuch 
expression of two RSV genes, M2-2 and SH, has been ablated by removal of 
polynucleotide sequences encoding liie M2-2 and SH g^es and tibeir ^icoded 
proteins. As described earlier, the M2-2 or SH gene is dispensable for RSV 
i^lication in vitro. It is possible that deletion of two accessory genes ivill 
produce a recombinant RSV with a different aUmuation phenotype. The degree 
of attenuation firom deletion of two genes can be increased or decreased 

SH and M2-2 genes were deleted fix>m the full-length RSV cDNA 
construct tiirough cDNA cloning. A Sac /to jBoinff /fiagment thai oonfained 
M2-2 deletion in Ibe pET(S/B} subdone as described earlier was removed hy 
digestion with &ic /and AunfT /restriction enzymes and was cloned into the 
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foIl-teogQi RSV antigenamic cDNA clone Ibat contained the SH geoe deletion 
(pA26SB), The lesultmg plasmid that contained deletion of SH and M2-2 was 
designated pA2/^HAWC2-2. Deletion of SH and M2-2 inpA2ASHAM2-2 
plasmid was confirmed by lestriction enzyme mapping. 

Generation of rA2 ASHAM2-2 mutant was perfonned as described above 
(see Section 7). Recombinant RSV fliat contained a deletion of the SH and M2-2 
genes (rA2ASHAM2-2) was recovered fix>m MVA-in&cted cells that had been 
co-transfected wilhpA2ASHAM2-2 togeth^ with three plasmids that expressed 
the N, P and L proteins, respectively. Recovery of infections RSV deletion 
mutant was indicated by syngrtial formation and confirmed by immunostaining 
witii an antibo<fy against RSV. 

Deletion of tiie SHand M2r2 genes in £A2ASHAM2-2 was confirmed by 
RT/PCR using two sets of primers that fianked the SH gene and the M2-2 gene, 
respectively* mSNA expression fix>m cells mfected with rA2ASHAM2-2 or rA2 
was analyzed by Northern blot hybridization anal)ws as described earlier Botii 
SH and M2-2 mRNAs w^e not detected nx cells mfected with rA2ASHAM2-2 
using a probe tiiflt was specific to tiie SH gene or M2-2 gene. The fact that two 
RSV genes (SH and M2-2) can be deleted fix>m RSV indicates that Ihe SH and 
M2-2 proteins are dispensable for RSV replication. In contrast to rA2 AM2-2 
that fomied very small plaques iiiHep-2 cells, rA2ASHAM2-2 had aplaque size 
larger tiianrA2AM2-2 (Fig.l9). 

A growth kmetics stody of iA2ASH&M2r2 m c(m^^ 
perfonned in Veto cdls. Cells grown m 6Kan disdies weie i^ 
rA2ASHAM2-2 at amd of 0.2. As seen in Fig. 22, rA2ASHAM2-2 showed 
slower growtii kmetics and its peak tit^ was about LS log lower than tirnt of 
rA2. This indicated that iA2A8HAM2-2 is attmnated in tissue culture. 

To evaluate the level of attenuation of rA2ASHAM2-2, replication of 
rA2ASHAM2-2 in the lower respiratory tracts of nuce was exainined Mi . 
groups of 6 were inoculated with 10* pfii of rA2ASHAM2-2 or rA2 intranasally, 
Anixnals weie sacrificed at 4 days postinoculation, their nasal turbinates and 
lung tissues were harvested, homogenized, and levels of virus replication in 
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fliese tissues weiedetennined by plaqoeass^^ exhibited about 

a 2 log reductton of replication in Itmgs of die infected mice (Table 1 1). This 
data indicated that r A2ASHAM2-2 is attenuated in mice, although the degree of 
attenuation is not as significant as iA2AM2-2« 

Table 11. Replication of rA2ASHAM2-2 and rA2 in mice 



10 



Wkas 


Vinis thor m hmg (mean logto pfu/g tissue ± 


tA2 


4.2^0.08 


IA2ASHAM2-2 


2.4 ±1.2 



* GnnQ)8 of six mice were imxinm^ 
The level of infected vinis Tq)lteathm at 

spedmeiiSy and llie mean logu titer db standard enor (SE) per gram tissue were detenninedi 

11.6 GBmRATION OF A HUMAN RESPIRATORY 

SYNCYTIAL VIRUS VACCINE (RSV) CANDIDATE 
BY DELETING THE VIRAL M^2 AND NSl GENES 

This example describes production of a recombinant RSV in which 
eaqjression of two diBEerent RSV genes, NS 1 and M2-2, has been ablated by 
20 removal of polynucleotide sequences encoding the NSl and M2-2 genes and 

theur encoded proteins. As described earlier, NSl and M2-2 gene alone is 
dispensable for RSV replication in vitro. This example i»xmded a different 
attenuating method deletion of two accessory genes fiom RSV. 

NSl and M2-2 genes were deleted fiom the M-length RSV cDNA 
construct through cDNA cloning. AJiQwa/tOilvrlTfiragment that coiitaiiied 
NSl deletion in pET(X^A) subclone was removed by digestion wifli J&wa / and 
Avr i7 restriction enqmes and was cloned into the iuU-lengtii RSV antigenomic 
cDNA clone that contained the M2-2 gene deletion (pA2AM2-2). The resulting 
plasmid tiiat contained deletion of botii NSl and M2-2 was designated 
3^ pA2ANSl AM2-2. Deletion of NSl and M2-2 m pA2ANSl AM2-2 plasmid was 

oonfumed by restriction enzgroe xm^iping. 
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Generation 1A2ANS1AM2-2 mutant was perfbnned as desciibed above 
(see section 11^). Reconibinant RSV that cootained deletion of NSl and M2'-2 
gOQies was recovered fiom MVA-in&cted cells that liad been co-transfected ynth 
pA2ANSl AM2-2 together with three plasmids that repressed the N, P and L 
5 proteins, respectivety. Recovery of infectious RSV was indicated by syncytial 

formation and conjGrmed by inmnmostaining with an antibody against RSV. 
Identification of tiie recovered rA2ANS 1 AM2-2 was confirmed by RT/PCR 
using apairofprimersflaiikiiig the NSl gene and 11ieM2-2geQe« 

Replication of rA2^Sl AM2-2 in tissue culture cell lines and in small 
1 0 animal models is beuig studied. Preliminary in vitro data indicated tliat 

rA2ANSlAM2**2 is very attenuated in tissue culture cells and recombinant RSV 
containing deletion of NSl and M2-2 genes IS more attenuated tiian 
IA2ASHAM2-2. 

15 

11.7 GENERATION OF A HUMAN RESPIRATORY 

SYNCYTIAL VIRUS VACCINE (RSV) CANDIDATE 
Hv i%vx .jerrvta the viral ns2 and M2-2 genes 

This exan^ describes ixrodnctioa of aiecombmant RSV in widch 
2g . ejqpressionoftvrodiffereait RSV genes, NS2 and NC2-2, has 

removal of polymideotide sequences encoding the KS2 and M2-2 genes and 
their encoded proteins. As described earlier, NS2 or M2-2 gene is dispensable 
for RSV replication in vitro. It is possible that ddetion of t^ accessory genes 
fix)m RSV wiU produce a recombinaot RSV with a difEeront atimuation 
2^ phenolype. 

NS2andM2-2 genes ware deleted from tiie fuU-leuigtb RSV cDNA 
construct tinough cDNA cloning. A Xma I to Aw J7 fiagment that contained 
HS2 deletion in pBT(?C/A) subclone \vas lemoved by dige^ 
Aw iT restriction enzymes and was cloned into tiie full-lengtii RSV antigenomic 
30 cDNA clone tiiat contained the M2-2 gene ddetion (pA2AM2-2). Hie resulting 

plasmid that contained deletion of bothNS2 and M2-2 was designated 
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pA2ANS2 AM2-2. Deletion of NS2 andM2-2 inpA2ANS2AM2-2plasimd was 
confixmed by lestrictioiL wzyms napping. 

Generation of iA2ANS2AM2-2 mutant was peifoimed as described 
above (see Section 7). Recombinant KSV that contaiaed deletion in the NS2 and 
M2-2 genss (rA2ANS2AM2-2) was leco vered fiom MVA-in&oted cells that had 
been co-tcansfected with pA2ANS2AM2-2 togedier with Ihree plasmids that 
eo^iessed the P and L proteins^ icspectively. Recovery of in&ctidns RSV was 
indicated by syncytial fbnnadoa and CQii&ined by ix^^ 
antibodiy against RSV. Identification of the recovered iA2ANS2AM2-2 was 
confirmed by RT/PCR using two pairs of primers flanking the NS2 or M2^2 / 
gene, respectively. 

roKNA expression from cells infected with rA2ANS2AM2-2 or rA2 was 
analyzed by Nonhem blot hybridization analyses. As shown in Fig. 23, neither 
NS2 nor M2-2 mRNA was detected in cells mfected with rA2ANS2AM2-2 
using aprobe that was specific to theNS2 gene or to the M2-2 gene. 
Comparable levels of NSl and SH mKNA expression was observed in cells 
mfected with r A2ANS2 AM2-2 Norlhem blot data confirmed that expression of 
both NS2 and M2-2 was ablated in rA2 ANS2AM2-2 . 

A growifa kinetics study of r A2ANS2AM2-2 in comparison witii xA2 was 
performed in Vero cells. Cells grown in 6-an dishes were infected with eA2 or 
iA2^S2AM2-2 at a moi of 0.2. As seen in Fig. 24, IA2ANS2AM2-2 ^owed 
very slow growth kinetics and its peak titer was about 1 0-foki lower than that of 
rA2. To analyze virus rqplication in different host cells, each cell line grown in 
6-welI plates was infected with rA2ANS2AM2-2 or rA2 at moi of 0.2* Three' 
days postinfection, the culture siq)ematants were collected and virus was 
quantitated by plaque assay. tA2ANS2AM2-2 had about a few fold reduction in 
virus titer cornpared to rA2 in Vero cells. However, a 2-3 log reduction in vims 
thjcr vras observed in Hep-2, MOBK, Hela, MRCSand LLC-MK2 cdls (Table 
12). Therefore, replication of £A2ANS2AM2*2 exhibits a substantial host raoge 
effect, which is an indication of attenuation. 
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Table 12. Growfli coiiq»aiisim of rA2ANS2/M24 and rA2 in different cell 
lines 



Virus titer PogM(pfu/ml)] 



CeU lines 


rA2 


rA2ANS2/M2-2 


Vero 


6.4 


5.7 


Hep-2 


6.7 


3J 


MDBK 


6.7 


3.7 


MRC-5 


5.9 


2.0 


Hela 


6.5 


2.9 


LLC-MK2 


6.7 


4.8 



Replication of rA2ANS2/M2-2 in vivo was detennined in lespiiatoxy 
patliogea-fi:ee 4-week old cotton lats. Cotton tats in groups of 5 were inoculated 
inbianasaUy under li^ methas^fhii^ 

OA-mL inoculum of rA2 or £A2 ANS2AM2-2. On day 4 postinooulation, animals 
weie sacrificed by CO2 asphyxiation and their nasal turbinates and hmgs were 
obtained separately. Ussues were homogenized and virus titers were determined 
by plaque assay in Vero cells. As shown in Table 13» no virus replication was 
detected in the upper and Iowct respiratory tracts of cotton rats that were 
mfected with rA2 ANS2AM2-2. This indicated that deletion of the NS2 and 
M2-2 genes severely attenuated RSV. Thus^ this recomhmant RSV with an NS2 
and M2-2 deletion mi^ serve as a gpod vaccine candidate for human use . 



Table 13. Replication of rA2ANS2/M2-2 and rA2 in cotton rats 



Virus 


Vitus titer (mean log,o pfii/g tissue ± SE) 




Nasal turbinates 


Lung 


eA2 


230 ±0.26 


4.23 ±0.10 


IA2ANS2/M2-2 


<1.4 


<1.4 
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■ Groiqis of five cotton rate wm imxm^^ 
day 0. Tlie levd of Mected vinis iwpl^^ 
ixidicated specmifins, and file jnean logto titer st^^ 
detcnniDed* 

^ 11,8 GENERATION OF A HDWDiNRESP^ 

SYNCYTIAL VIRUS VACCINE (RSV) CANDIDATE 
BY DELETING THE VIRAL NS l AND NS2 GENES 

This example describes production of a recombinaxd: RSV in wiiich 

ejqn^ssion of two RSV gpnes, NSl and NS2, has been ablated by removal of 

jQ polynucleotide sequences encoding the NSl and NS2 genes and their encoded 

proteins. As described eariier^ NS 1 or NS2 gene is dispensable for RSV 

replication in vitro. It is possible that deletion of two accessory genes from RSV 

will produce a lecombinant RSV with alternative attenuation phenotype. 

To ddete the NSl and NS2 gene from RSV, two restriction en2yme d 

IS were ins^led at positions of llie gene start signal of NSl and downstream of the 

gene end signal of NS2. A two step cloning procedure was performed to delete 
the ratire NS 1 and NS2 genes from RSV- A Pst I restriction enzyme site was 
introduced at position of 45 nt and at position of 1 1 10 nt of RSV sequence by 
site-directed mutagenesis. Site-directed mutagenesis was poformed in 

20 pET(X/A) cDNA subclone, whicjli contained the first 2128 nucleotides of BtSV 

sequence that encode the NSl, NS2 and part of the N gene of RSV. The 2128 
nucleotide RSV cDNA fri^moit was cloned into the pET vector tibrough the 
JDnalmiAw J7restriction sites. Digestion of pET(X/A) plasmid that contained 
the introduced two Pjf /restriction enzyme sites removed a 106S-iit fragment 

25 that included the NSl and NS2 genes. pETCX/S) plasmid containuigNSl and 

NS2 deletion was di^sted with Aw Hmd Sac /restriction mzymes and the 
remaining 1 063 nucleotide RSV cDNA fragment was tiim cloned into a iiill 
length RSV antigraomic cDNA done. The resulting plasmid that contained 
deletion of botii NSl and NS2 was designated pA2 ANSI ANS2. Deletion of 

30 NSl and NS2 in pA2ANSl ANS2 plasmid was confirmed by restriction enzyme 

mqyping. 
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Recovery of infections RSV that contamed bothNSl andNS2 deletion 
(iA2 ANSI ANS2) vm performed as described earlier. Infectious virus with botii 
NSl andNS2 dele^ was obtained firom transfected Hep-2 cells. RT/PCR was 
p^ormed to con&m that both NSl and NS2 gmss were deleted fiom £A2 

5 ANSI ANS2 using a pair of primers flanking tide NSl and NS2 gen^. Deletion 

of^NTSl and NS2 from rA2ANSlANS2 was fbrdier confirmed by Nortfaaiibl^^ 
AsshowninFig. 18» ndtiier NSl norNS2mRNAs was detected in cells 
infected with iA2ANSlANS2 using a libqprobe specific to tiieKSl or K82 
gene. This indicated that eaqniession of NSl andNS2 was ablated from 

10 . ' EA2ANS1ANS2. 

IA2ANS1ANS2 fornied veay smaUplaqws in xn&cted Hep-2 cells, but 
only sli^ plaque sdze reduction was seen in Vero cells (Fig.l9). The small 
plaque phenotype is commonly associated with attenuating mutations. 

A growth kinetics study of rA2ANSl ANS2 in comparison with rA2 was 

15 performed in Vero cells. Cells grown in 6-cm dishes were infected with rA2 or 

rA2ANS 1 ANS2 at a moi of 0.2. As seen in Fig. 25, rA2ANS 1 ANS2 exhibited 
slower growth kinetics and its peak titer about 5-fbld lower Ibantiiat of rA2. 
To analyze virus replication in different host cells, each cell line grown in 6- well 
plates was in&cted with rA2ANSlANS2 w tA2 at moi of 0^. Three da^rs 

20 postinfection, the culture sui^ematants were collected and virus was quantitabed 

Ify plaque assay. rA2ANSl ANS2 had only slight reduction in virus tilor 
compared to £A2 in Vero cells. About 1.5 log reduction in virus titer was 
observed in MDBK and IXC-MK2 cells. More reductionin virus (about 
3 log) was seeninHelaandMRCS cells (Table 14). Replication of zA2 

25 ANS 1 ANS2 in a small animal model is currentiy bdmg mvestigated. Frdiminary 

data indicated that rA2ANSl ANS2 is attenuated in cotton rats. As rq)Iication of 
rA2 ANSI ANS2 was not detected in cotton rats, it appears tiiat Ibe 
rA2ANSl ANS2 deletion mutant is very attenuated l>e NSl and NS2 deletion 
mutant therefore provides an alternative metixod iot attenuating RSV. 

30 
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Table 14^ Gnrnrfli eomparison of rAZANSlANSEZ and rA2 in different cdl 
lines 



5 



10 



CeUlines 


Virus titer Ilog,o(pfuAnl)] 


rA2 


rA2ANSlANS2 


Vero 


6.4 


6.2 




6.7 


5.1 


MDBK 


6.7 


52 


MRC-5 


5.9 


3.1 


Hda 


6.5 


3.8 


LLO-MK2 


6.7 


5.1 



11^ GENERATION OF A HUMAN RESPIRATORY 

SYNCYIIAL VIRUS VACCINE (RSV) CANDIDATE 
BYDELETING THE VmALNSl AND SH GENES 

1 S This example describes production of a recombuiant RSV in which 

expressicm of two different RSV genes, NSl and SH, has been 
removal of polynucleotide sequences encoding the NSl and SH genes and their 
encoded proteins^ As described earlier, NSl or SH genes is dispensable for RSV 
replication in vitro. It is possible that deletion of two accessory genes from RSV 

20 will produce a recombinant RSV with increased attenuation phenotype. 

NS 1 and SH genes were deleted from the M4cngth RSV cDNA 
construct through cDNA cloning, A IHna I to Ayr H fiagment that contained 
NSl deletion in pEr(X/A) subclone was i^oved by digestion ynUiJCmaland 
iliT ITiestriction eozymss and was cloned into the M-length RSV andgenomic 

25 cDNA done that contained the SH gene deletion ^A2 SH). The resulting 

plasmid that contained deletion of both NSl and SH was designated 
pA2ANSlASa Deletion of NSl and SH in PA2ANS1ASH plasmid was 
confirmed by restriction enzyme mapping. 

Recovery of infectious RSV that contained both NSl and SH deletion 

30 (rA2ANSl ASH) was performed as described earlier. Infectious virus witii both 

NSl and SH deleted was obtained from Iransfected Hep-2 cells. Virus was 
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plaque purified 3 times aikl anq>ljfied in Veto cells. Deletion of both the NS 1 
and SH genes in rA2ANfSlASH^ confinnedbyRT/PCSL using two sets of 
primers ffaat flanked the NS 1 or SH gene, lespectiyely. Nordiem blot of 
M2ANS1 ASH infected total ceUular RNA was perfb^ 

5 • specific to tiie NSl or SH gene. As shown in Fig, 23, repression of NSl and SH 
mRNA was ablated in cells infected with rA2ANSl ASK 

Replication of tA2ANSl ASH in vitro and in vivo is currently being 
studied The fact that the rA2ANSl ASH virus can grow, albeit with reduced 
efficiency, indicates that the NSl and SH genes axe diq;)ensable for RSV 

1 0 replication. This mutant will therefore likely serve as an additional potential 

recombinant RSV vaccine agent 



11.10 GimRATlON OF A HDMAN RESPIRATORY 

SYNCYTIAL VIRUS VACCINE (RSV) CANDIDATE 
BY DELETING THE VIRAL NS2 AND SH GENES 



15 



20 



25 



30 



This example describes production of a recombinant RSV in which 
eqxression of two different RSV genes, NS2 and SH, has been ablated by 
removal of polynucleotide sequences encoding the NS2 and SH genes and then: 
encoded protBins. As described earli^, NS2 or SH gene is dispensable &r RSV 
replication in vitro. It is possible ibst deletion of two accessory genes fiom RSV 
wiU produce a lecombinaiit RSV wifh difiEetent attenuation 

NS2 and SH genes were deleted fixnn the full-length RSV cDNA 
construct tiirough cDNA cloning. A J&ia /to Avr JTfiagment that contained 
NS2 deletion in pET(X/A) subclone was r^noved by digestion with JQna /and 
Avr iT restriction enzymes and was cloned into the full-length RSV antigenomic 
cDNA cbne that contained the SH gene deletion ^iA2ASH). The resulting 
plasmid that contained deletion of both NS2 and SH was designated 
PA2ANS2ASH. Deletion ofl4S2 and SH in pA2£NS2ASH plasmid was 
confirmed by lestriction emyme niq>pipg. 

Recoveiy of infectious RSV tfiat GODlaiDBd bof]iNS2 and ^ 
(zA2ANS2ASIQ -was pei&aned as descdbed eadier. Infectious virus witii botii 
NS2 and SH deleted was obtained fixan transfected Hq>-2 cdls. 
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plBque purified 3 times and amplified in Vero cells. Deletion of both NS2 and 
SH gene in £A2ANS2ASH was confirmed by RT/PCR using two sets of primers 
fliat flanked the NS2 or SH geoe, respectively. Northern blot of rA2ANS2ASH 
infected total cellular RNA was performed using a riboprobe specific to the NS2 

5 or SH gene. As shown in Fig, 23, expression of NS2 and SH xnRNA was ablated 

in cells infected witii rA2 ANS2ASH. 

Replication of rA2ANS2ASH in vivo was determined in respiratory 
pathogen-fiee 4-week old cotton rats. Cotton rats in groups of 5 were inoculated 
intranasally under li^meiho^^urane anesthesia widi 10^ pfii per animal in a 

10 0.1-ml inoculum of rA2 or rA2ANS2ASH. On day 4 postinoculation* animals 

were sacrificed by CO2 asphyxiation and tiieir nasal tru^^ 
obtained separately. Tissues were hcmogenized and virus titers were determined 

plaque ass^m Vero cells. As shown in Table IS, reduced virus replication 
was observed in tiie iq)per and lower respiratory tracts of cotton rats that were 

1 5 infected witii £A2ANS2ASH. This mdicated that deletion of the KS2 and SH 

genes attenuated RS V and tins zecombinant RS V witii NS2 and SH deletion 
might serve as a good vaccine candidate for human use. 



20 



Table IS. RepUcation of rA2ANS2ASH and rA2 in cotton rats 



Vims 


Viius titer (meaa logio pfii/g tissue ± SE) 




Nasal turl»iiflts 


Lung 


rA2 


2.30 ±0^ 


4.23^0.10 


rA2ANS2ASH 


1.11± 1.34 


2.76 ±0.06 



25 dbyO.Tbelevdofiiifb(^virusi^UGad<matdfly4im 

indicated Sfpedmcnsi and the mean log, 0 titer :t standard enor (SE) per gram tissue were 
detectninedt 



11.11 GEINnBRAIION OF A HUMAN RESPIRATORY 

SYNCYTIAL VIRUS VACCINE (RSV) CANDIDATE 
30 BY DELETING THE VIRAL NS l. NS2. AND SH GENES 
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This example describes production of a recooibmBixt E^V in \9i1ich 
e3q}ression of tiiree RSV genes, NSl, NS2 and SH, has been ablated by removal 
of polynucleotide sequences encoding three RSV genes (NSl, NS2 and SH) and 
their encoded protdns. As described earlier, NSl, NS2 or SH alone is 

S dispensable for RSV replication in vitro. It is possible lhat deletion of three 

accessory genes fiom RSV will produce a recombinant RSV with a di£ferent 
attenuation phenotype. 

NS 1 , NS2 and SH genes wre dieted fiom the fiill-len^ RSV cDNA 
construct tbiou^ cDKA cloning. AJQna / to Avr ITfiagment that contamed 

10 NSl and NS2 deletion m pET(X/A} subdcme as described earlier was removed 

by digestion wi& JXma I and Aw n restriction ensues and was cloned into the 
full-length RSV antigmomic cDNA done that contain^ Ae SH ^ne deletion 
(pA2ASH). The resulting plasmid that contained deletion of three genes (NfSl, 
NS2 and SH) was designated pA2ANSl ANS2ASH. Deletion of NSl, NS2 and 

15 SH in pA2ANSl ANS2ASH plasmid was confirmed by restriction enzyme 

mapping. 

Recovery of infectious RSV that contained three genes deletion Q^Sl, 

NS2 and SH), rA2ANSlANS2ASH, was performed as described earlier. 

Infectious virus was obtained &cm transfected Hep-2 cells. Virus was plaque 
20 purified 3 times and amplified in Vero cells. Ddetion of NSl, NS2 and SH 

genes in 1A2ANS1AKS2ASH was confinned RT/PQl usi^ 

primers that flanked tiie NSl and NS2 genes or the SHg^, respectively. 

Northern blot of infected total cellular RNA of tA2ANSl^S2ASH was 

p^onned using a libqprobe specific to the NS 1 , NS2 or SH gcme. As shown in 
25 Fig. 23, expression of NSl, NS2 and SHmRNA was ablated in cells infected 

with rA2ANS 1 ANS2ASH. This mdicated tiiat tiiese three genes were mdeed 

del^dfiomRSV. 

Replication of rA2ANSl At^2ASH in vivo was determined in respiratory 

patiiogen-£ree 4-week; old cotton rats. Cotton rats in groi^ of S were moculated 
30 intranasally under light methos^urane anesthesia with lO^pfup^animalina 

0.1-ml moculum of rA2 or rA2^SlANS2ASH. On day 4 postinoculation. 
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animals were sacrificed by CO2 asphyxiation and tbeir nasal turbinates and lungs 
were obtained separately. Tissues were homogenized and virus titers were 
deteonined by plaque assay in Veio cells. As shown in Table 16, no virus 
teplicatioxi was observed in Ihc xspp&r and lower respiratory tracts of cotton rats 
lhat were infected wiHi cA2ANSl ANS2ASH. This indicated ibst deletion of the 
^ NS2 and SH genesyattemiated RSV and this recombinant KS V with NS2 and 

M2-2 deletion inight serve as a good vacdne candidate 

Table 16. Repticaiion of rA2ANSlANS2ASH and rA2 in cotton rats 

jQ Virus Virus titer (mean log^p pfii/g tissue ± SE) 

Nasal turbinates Long 

iA2 2.30 ± 0.26 4.23 d= 0.10 

rA2ANSlANS2ASH <IA <1A 

* GfDups of five cotfDn lats irare nmnonized intrBiiasally imtti 1 0^ pfii of the indicated vinis on 
di^ 0. TI16 level of in&cted vims replication at day 4 was determinied by plaque assay on 
^ ^ indicated spedmoia, and fte mean teg,o titer db standard error (SE) per gram tissue were 

detennined* 

In opnolnsion, 1 1 different gene deletion nmtants have been obtained as 
summarized in Table 17. Four RSV accessory genes have been deleted either 

20 individually or in combination. These difEraent deletion mutants shov\red 

diffe«nt plaque ferniation and growth prtq)c^ A good correlation was 
demonstrated between plaque size iinW«ro arid atteoua^ These 
different RSV deletion mutants provide several choices for use as .potential RSV 
vaccine candidates. 

^ Table 17. Summary of RSV gene dektioii mutants 



Virus Recovered 

AM2-2 Yes 
ASH Yes 
30 ANSI Yes 

ANS2 Yes 
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AM2-2ASH Yes 

AM2-2ANS1 ND" 

AM2-2ANS2 Yes 

ANS1ANS2 Yes 

5 ASHANSl Yes 

ASHANS2 Yes 

ASHANS1ANS2 Yes ' 

*NDKotddemiliifid. IttpHc«Bon of tA2AM2-2AN81 iwb not detected fa titsup ouHutr. 

10 



15 



20 



25 
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12. EXAMPLE: GENERATION OF AN ATTENUATED 

HUMAN RESPIRATORY SYNCmAL VIRUS VACCINE 
mSVfc CANDIDATE BY MDTAGENISIS OF THE VIRAL 

The ability to generate infectiotis RS V from cDNA allo^ defined 
changes to be introduced into the RSV genome. The phenotype of the rescued 
viruses can be diiectly attributed to the engi^ changes in the gmome. 
Chan^ in the virus genome can be easily verified sequendng Ihe region in 

1 0 vrindh mutations are introduced Different pomt mutations and lesions can be 

combmcd in a sm^e virus to create suitably attenuated and genetically stable 
RSV vaodne candidates^The RSV gencnne encodes several ausdliaiy protems: 
NS1» NS2, SH* M2-1 and M2-2 protems that do not have count^arts in otii^ 
paramyxoviruses. The function of these genes in the viral li& cycle is Ihe subject 

15 of ongoing investigations. 

The product of the M2-1 gene is a 22 kDa protein which has been shown 
to promote processive sequential transcription and antiterminadon of 
transcription at each gene junction of the RSV genome in vitro (Collins, P. et 
dJ^oa NatL Acad Sci. USA 93, 81-85 (1996); Hardy, R. W. et d. J, Virol 

20 72, 520-526 (1998)). M2-1 is also ihought to be a stractural component of the 

viral nucleoc^sid and interaction of M2-1 with the N protem has hem observed 
in RSV infected cells (Garcia etd. Virology 195:243-247 (1993)). The M2-1 
protdn contains a putative zinc binding motif (Cys3His motif) at its N-terminus 
(Worfliingtone/fl/., 1996, Proc. Nad. Acad. ScL 93:13754-13759). Tins motif is 

25 highly conserved throu^ut the pneumovirus g^xus. 

Two mutagenesis strategies are presented here to introduce mutations in 
the M2-1 protein. The first method involves changing each of the cysteine 
residues individually to giydne (cysteine scanning mutagenesis). The second 
method involves engioeeting premature stop codons at the carboxyl terminus of 

30 die protein to produce truncated M2-1 proteins of various lengdi. Hiese 
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strategies pcovide different appx)ach6s to makiDg atimuated RS V for use as live 
vacdses. 



m CnrS11gINESCA]»nNG MUTAGENESIS OF ^ 

positions 7, IS, 21 asdQfi. Cys7, CyslS and Pys21 Ue in liie putative zinc 
binding moti^ flie CjnsSHis motif. DNA oligonucleotides were designed to 
change these cysteine codons to that for glycine by Quickchange site-directed 
mutagenesis (Stratagene). Mutagenesis was performed using a cDNA subclone 
(pET-S/B) fliat contained nucleotide 4482 to nucleotide 8505 of the RSV 

10 

genome. Hie oligonucleotides corresponding to the positive sense of tlie RSV 
genome used for the mutagenesis reactions are listed in Table 18. 

The engineered changes m flie pET-S/B RSV subclone were verified by 
DNA seqii^ice analysis. Each Sac I to Bam HI restriction fiagment that 
contained the mutated cysteine codon in M2-1 was individually doned into an 
infisctious RSV antigmomic cDN A done that was derived £xmi RSV strain A2 
(Jin, H. et al. Virology 251, 206-214 (1998)). Hie fbll-lengih RSV antigenonodc 
cDN A done witti an engineered cysteme to glycine codon diange was 
designated pA2MCl, 2, 3, or 4. 

20 

Table 18. Primers used for changing each cystehie codon in the M2-1 gene" 



Primer 


PositiofiinRSV 
antigenonie 


Sequence 


MCI 


nt 7609-7641 


S'TCACCSAAGGAATCCTfiGCAAATTTGAAATr 






CGA 


MC2 


Dt 7633-7665 


S'GAAATTCGAGGTCATfiQlTTAAATGGTAA 






GAGO 


MC3 


Qt 7648-7683 


S'TGGTTAAATGGTAAQAGGfiQACAi-lTlAGT 






CATAAT 


MC4 


nt 7876-7908 


5'ACTAAACAATCAGCAfiGTOTTGCCATGAG 






CAAA 
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10 



15 



20 



25 



30 



* Tlio nimiberB cotre^Kmd to micleotides in the RSY astigeoDina Nudootides Ifaat were mutated 
to diange cystdne oodons to gtydne codotxs are k bold and underlined. 

To produce Infectiom RSV that contained an individual cysteine 
mutation in M2-1, pA2MCl, 2, 3, or 4 was traasfected into cells that expressed 
Hie T7 KN^A polymerase to ge&er witb plasmids that exp^sscd fhe P and L 
protein. Briefly, monolayers of Ikp-2 cells in 6 well dishes at a confhiency of 
70-n8O% weie infected with modified vaccinia virus fhat expressed the T7 RNA 
polymerase (MVA) at a moi of 5. Absorption of MVA was performed at room 
temperature for 1 hour. The infected cells were washed witti OPTI«*MEM (Life 
Technologies) and transfected with pA2MCl, pA2MC2, pA2MC3 or pA2MC4 
antigenomic plasmids together with a mixture of plasmids encoding the RSV N, 
P and L proteins each under the control of the T7 promoter. The amount of 
plasmids used for each transfection are: 0.5 |xg antigenome plasmid, 0.4 ^g N 
plasmid, 0.4 \ig P plasmid and 0.2 ^g L plasmid in a final volume of 0.1 ml 
OPn-MEM The final plasmid mixture was combined with 0. 1 ml OPTI-MEM 
containing 10 }il UpofecTACE (Ufe Technologies). After 15 nxinutes incubation 
at room temperature^ the tcans&cdon mbcture was added to the MVA infected 
cells* llie transfection reaction was incubation at 33Xfo^ After 5 

hours, the transfectioa medium was removed and replaced with MEM 
supplem^ited wifli 2% fetal bovine serum and intubated at 3 3 ""C for 3 days. 
Following the 3-^y incubation, medium was harvested and passa^ m Vero 
cells for 6 days. Positive unmunostaining of the infected cell monolayers using 
goal anti-RS V antibody (Biogenesis) was Ihen used to identify wells containing 
successfidly rescued viruses. RT/PCR of genomic viral RNA was performed to 
verify that the engineered changes were present in the rescued viruses. A 
recombinant RSV bearing the introduced cysteine change at position of 96, 
£A2C4 was obtained Replication in vitro and in an animal model of rA2C4 is 
currently being studied. Preliminary results indicated that rA2C4 showed 
reduced plaque size at 35X and is therefore probably attenuated Preliminary 
results indicated that rA2C4 has about a 1 0-feld reduction in replication of the 
lungs of cottonrats (See Table 19). Recovezy of tA2Cl, rA2C2 and rA2C3 are 
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currently bemgpiirsuedL It is qmte possible liiatdianges in any of th^ 
cysteine residues in the putative zinc binding motif may prove to be letbal to the 
M2-1 protein. 

Table 19, Replication of mutants in cotton rats 



10 



15 



Virus 


Vims titer (mean log ,0 pfi]/g tissue ± 




SE) 




Lung 


iA2 


3.55 ±0.07 


RA2C4 


229 ±0.13 


rA2MSCH3 


1.97 ±0.18 



* Groiq» of fhfe cotton iBts WTO inn^ 

d^O. Ili0l0vdofiiifectedvin]siq)UcatI(matd^/4wB5d^^ 

indicated specimens^ and llie mean bg 10 tte standaid emir (SE) per gram tissue whs 

deterouned. 



C-TERMINAL TRUNCATIONS OF TflB M2-1 

Tandem tennination codons were introduced at die Otermimis of the 
2Q M2- 1 protein by site-diiected mutagenesis in order to create progressiyely longer 

truncadons from the C- temiinal end of the M2-1 proteia Mutagenesis was 
performed using a cDNA subclone (pET-S/B) diat contained RSV sequences 
jSrom nucleotide 4482 to nucleotide 8505* Oligonucleotides corresponding to the 
positive smae of the RSV genome that were used for aeadng premature tandem 
25 termination codox^ in M2-1 are listed in Table 20. 

The engineered changes were v^ified by seq[uen^ 
subclone containing tbe introduced mutations. Tlie Sac I to Bam HI restriction 
fragment containing flie prmiature tandem tennination codons in M2-1 was 
excised fioni RSV subclone pBT-S/B and introduced into 
3Q infectious RSV antigen(mdc(£NA done (Jin etal.^^ Each reassembled 

M-length RSV antig^nmnic cDNA containing the engprnmed pranature 



-103- 



ViO 02/44334 



PCT/USOl/44819 



tandem teimination codocs along with a muque Hbdm site was designated 
pA2MCSCHl, pA2MSCH 2 or pAZMSOD, 

Table 20. Primers used to introduce tandem tennination codons in the C- 

terminus of the M2-1 protehi 

5 ^ . ' 

Primer Poritton in RS V antteBnome Segqence^ 

nt 7960^801 1 S*QAQCTAAATKACa2AAQAT^ 

ACTCrrCATATCATATATIQ 
1A 8035-8076 5' GAAAmTCCATCTGTAAO^^ 

QACGTATTO 

ct 8120-8169 5* CCATCAACAACCCAAAATAATAA^GCTZTAGTQ 

ATACAAATGACCATGCX3 

» The numbers correspond to nucleotides in fixe RSV antigeaome. Tandem stop codons are 

SndiGated inbold. Mntated nucleotides are underlined and xmique ESnd III sites introduced 

simultaneous^ vd&i flis tandem stop codon are abown in italics. 

Recombinant RSV that contained deletion in liie O-temdnal of the M2- 1 
protein was generated by tranfection of pA2M CSCHl, pA2MSCH2 or 
pA2MSCH3 together wMi plasmids expressing the N, P and L proteins as 
described above. Recovery of infectious RSV that contained the shortest 

20 deletion in the C-temiimjs of the M2-1 protein, derived ftom pA2MSCH3 has 
beenobtained. I1iisyirQshadal7aminoacidtnmcationattheC-tetminusof 
M2-1 because of the engineered two tandem stop codons at amino acid 178 and 
179. Virus plaque purification, amplification and verification of the engm 
tandem temuziation codons in cA2MSC3D are curret^^ The 

25 rescue of recombinant RSV contaimng longer deletions in the (>tecm]nus of the 
protein is also bdtig pursued. Prelin±)ary results i^ 
rA2MSCE]3 has about a 15-fbld reduction m replication of the lungs of cotton 
rats (See Table 19). ViableM2-l ddetionniutantsptovide an alternative 
method to attenuating RSV by itself or in combination with other mutations m 

30 the RSV genome for vaccine use. 



MSCH 1 
MSCK2 

10 

MSCH3 
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13. EXAMPLE: CHIMERIC SUBGROUP A RESPIRATORY 
SYNCYTIAL VIRUS (RSV) WITH THE 
GLYCOPROTEINS OF SUBGROUP B AND RSV 
WTTHOUT THE M2-2 GENE ARE ATTENUATED IN 
AFRICAN GREEN MONKEYS 

^ i3JL INTRODUCnON 

In this study, rA2AM2-2 was evaluated for its attenuation, 
immmiogenicity, and piotective efficacy against subsequent wild type RSV 
challenge in African green monkeys. The replication of rA2AM2-2 was more 
lhan 10(}0-&ld restricted in both Ihe upper and lower respiratory tracts of ^e 

1 0 infected monkeys and it induced titers of serum anti-RS V neutralizmg antibody 

that were slighdy lower than fliose induced by wild type iA2. When iA2AM2-2- 
in&cted monkeys weie obailenged with vrM type A2 virus, the rejdicadon of the 
challenge virus was reduced by qspcoximately 100-fold m the upper respiratory 
tract and 4S,000-fold in the bwer resfpuatoiy tracts. To finther attenuate rA- 

15 Qb^b^ ^ M2-2 open reading frame was removed fiom rA-G^FB. As desoibed 

for iA2AM2-2, rA-GBFBAM2-2 was restricted for growth in Hep-2 cells and was 
attenuated in cotton rats. rA2 and lA-C^aJbearing a deletion of the M2-2 gene 
could repress! a bival^ RSV vacdne composition for protection against 
multiple strains fiom title two RSV subgroiq)S. ' ' 

20 Afiican green monkeys (AGM) wa» evaluated as a non-human primate 

model for assesshig the attenuation, immunogenidty and protective efficacy of 
RSV vaccme candidates. We showed that rA2 replicated to tug^ titers in both 
the upp^ and lower lespniatory ttacts of AOM^ whereas rA2AM2-2 and rA- 
OgPg replicated poorfy in fb& tespxcBtacy tracts of monkeys. Botii xA2AM2-2 and 

25 iA-Ob^b hiduced neutcalizmg antibodies wiiichpnitected the animals fom 

ejcperimental challenge. 

13^ MATBRIAI^ANPl^lETO 
Cells and vimsei 

30 Monolayer cultures of H^2 and Veto cells (obtained &om American 

TypQ Culture Collections, ATCQ were maintained in miTiimal essential medimn 
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CMEM) containing 5% fetal bovine serum (FBS). Wfld tjpe RSV strains, A2 
and B9320, were obtained fiom ATCC and grown in Vero cells. ModilBed 
vaccinia virus Ankara (MVA-T7) eajxressing bacteriophage T7 RNA polymerase 
was grown in CEK cells. 
Conatraction of diimeric eDNA clone 

The wild type RSV B9320 was grown in Vero cells and the viial KNA 
was extracted ftom infected cell culture supernatant A cDNA fiagment 
containing the O and F genes of RSV B9320 was obtained by RT/PCR using the 
following primm: 

ATCAGG^TC CACAATAACATTGGGGCAAATGCAACC and 
CTC^rCATTCnOATCCGTrrrATGTAACT^ (the BamH I sites 

engineered for cloning is in italics and B9320 specific sequences are 
underlined), BaioH I restriction enzyme sites were introduced upstream of the 
gene start sequence of G and downstream of tiie gene end sequence of F. The 
FCR product was £rst introduced into the T/A cloning vector (Invitrogen) and 
the sequences were confirmed by DNA sequencing* The BamH I restriction 
fiagment containing the O and F gene cassette of B93 20 was then ttans&sxed 
into a RSV cDNA subclone pRS V(R/H) that contamed RSV sequences from nt 
4326 to nt 9721 Ifarou^ the introduced Bgl U sites at nt 4655 (iq>stream of the 
gpne start signal of O) and at nt 7552 (downstream of the gene aid signal of F). 
Introduction of these two Bgl n sites were made by FCR mutagenesis usmg tibe 
QuickChange mutagenesis kit (Strategene, La JoUa, CA). BamH I and B^ n 
restriction enzyme sites have compatible ends but ligation obliterates both 
restriction sites. The Xho I (nt 4477) to BamH I (nt 8498) restriction j&agment 
containing the G and F genes of B9320 was then shuttled into the infectious 
RSV antigenomic cDNA clone pRSVC4G {Tm et al., 1998). The chimeric 
antigenomic cDNA was designated pRS V-QbFb, To delete the M2-2 gene fix)m 
PRSV-GbFb, the Msc I (nt 7692) to BamH I (nt 8498) fragment from rA2AM2-2 
yMch contamed the M2-2 deletion (Jin et al., 2000a) was introduced into 
pRS V-OqFb. Tbe chimeric cDNA clone that lacks &e M2-2 ^e was designated 
PRSV^bFbAM2-2. 
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Recovery of recombinant RSV 

Recovery of recombinant RSV jBcom cDNA is described herein. Briefly, 
HEp-2 cells in 6-weIl plate at 80% confluence were infected ynUi MVA at an 
ntoi* of S pfu/cell for 1 h and then were transfected with fuU-lengdi 
antigenonuc plasniids CpRSV-ObFb or pRSV"C^ 
plasmids e3q)ressing fte RS V N, P» and L pn)tdns nsdn^ 

Technologies, Gaither^urg^ MD) . After incubating the ttans&cted cells at 
3S^C for three days« tiie culture siqieniatEaits were passaged in Vero cells for wi 
days to amplify rescued virus. The recovered recombh 
biologically cloned by three successive plaque purifications and further 
amplified in Vero cells. Virus recovered from pRSV-GflFfl transfected cells was 
designated lA-GJ^^ and diat from pRSV-GbFbAM2-2 transfected cells was 
designated tA-OBFBAM2-2. Virus titer was determined by plaque assay and 
plaques were visualized by immunostaining using polyclonal anti-RSV A2 
serum (Biogenesis, Sandowo, NH). 
Virus characterization 



The expression of viral RNA for each recovered chinieric RSV w^ 
analyzed by Norths blotting. Total cellular RNA was extracted fit>m virus 
infected cells at 48 hr post-infection. The RNA blot was hybridized with a y-^P- 

2Q ATP labeled oligonucleotide probe specific for the F gene of B9320 

(GAQGTGAGGTACAATGCArrAATAOCAAGATGGAGGAAGA) or a y- 
^-ATP labeled probe specific for the F gene of A2 
(CAGAAGCAAAACAAAATGTGACTGCAGTQAGGArrGTGG^ To 
delect tibe G mRNA of the chimeric viruses, BNA blots were hybridized witii a 

25 190-nt riboprobe specific to the G gene of B9320 or a 13Qnt ribo^nobe specific 

to tiie O Bsm of A2. Bothribopcobes wm labeled with o-^-CTP. 
Hybridization was poformed at 65"^ m Express Hyb solution (Clontech, Palo 
Alto, CA) overnight Membranes were washed at 6S°C under stringent condition 
and e2q)osed to film. 

30 Viral q;>ecific proteins fix)m infected celb were aiialyz^ 

immunopredpitation of the in&cted cell extracts or by Weston blotting. To 
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iimnimoprecipitate viral protdns, Veto cells were infected with virus at an moi 
of 1.0 and labeled wifii^^S-proinix (100 MCi/ml ^^S-Cys and ^S-Met, 
Atxiersham, Arlington Ikig^, IL) from 14 hr to 18 hr postinfection. The 
labeled cell monolayers were lysed with RIPA bufTef and the polypeptides 
inaammopiecipitated by potyclonal goat azxti-RSV A2 serum (Biogenesis^ 
Sandown, NH) or 1^ a polyclonal anHbody against die protdn. 
Iinmunopredpitated polypeptides were dectrophozesed on SDS-PAOE and 
detected by autoradiogr^y. For Western blotting analysis, virus infected Veto 
cells were lysed in protdbi lysis buffer and 
SDS-PAGE. The proteins were transfeired to a nylon membrane and 
immunoblotting was petfonned as described herein^ using a monoclonal 
antibody against the O protein of B9320 or a monoclonal antibody against the G 
protein of A2 (Storch an<i Paik, 1987 1 Med. ViroL 22:345-356). 

Growth of chimeric RSV in vitro was compared with wild type 
recombinant A2 (rA2) and rA2AM2'-2. Growth cycle analysis was performed in 
bothHEp-2 and Vero cells. Cells grown in 6-Gm dishes were infected with each 
vims at a moi of 0.01 or 0.1 . After 1 hr adsorption at room t^perature, the 
infected cell monolayim were washed Hoscg tunes with FBSj and incubated at 
BS'X; with 4 ml of Opti-MEMin an incubator containing SVa CO,. At various 
times post-infection, 200 fd of the culture supernatant was collected, and stored 
at -70^C fer virus titration. Each aliquot removed was replaced witii an equal 
amount of fresh medium. Virus titer was detenmned by plaque assay in Vero 
cells on 12-welI plates usmg an overlay of 1% methylcellulose and 1 X LIS 
medium containing 2% FQS. 

VirDs replication In cotton rats 

Virus replication in vivo was detmnined in respiratoiy pathogen-fiee S. 
ISspidus cotton rats. Cotton rats in groups of 12 were inoculated intranasally 
uxider lig^ metiioxyfluiaiie aiiesthesia witii 10" pfo of virus p^ 
mlinoculunL On day 4 post-ixu)culation, six animals were sacrificed by CO2 
asphyxiation and liieir nasal tmbinates and lun^ were harvested separately. 
Tissues were homogenized and virus titers detmnined by plaque assay m Vw) 
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cells. Thtee weeks later, the remauiing 6 animals were anesthetized, their serum 
samples were collected, and a challeDge inoculation of 10^ pfii of biologically 
derived wild lype RSV strain A2 or B9320 administraied intranasally. Vom days 
post-challenge, Ihe animals were sacrificed and both nasal turbinates and lungs 
wexe harvested, homogenized and virus titer deteem^^ Serum 
neutralizing aidbodies against RSV A2 or B9320 strain were dete^ 
50% plaque reduction assqr (Coates et al., 1966, Amu J. Epid^oL 83(2):299- 
313). 

Virus replieafton in AGM 

Recombinant RSV was evaluated for their replication, immunogenicity 
and protective efficacy in AGM (Cetcopithecus aethiops). AOM, obtained from 
St. Kitts with an average age of 42 years and body weigiht ranging from 2.2 to 
4 . 3 kg, were used in the firist study (studjr A) to compare the replication of rA2 
witii wild type A2 . The second study (study B) used AOM with ages ranging 
fsom 5.3 to 8.4 years and an average body weig^ of 4.15 kg. None of the 
monkeys had detectable serum neutralizing antibodies for RSV B9320 or A2 
(titer < 1:10). Gtoiq>s of 4 mcmkeys were inoculated with eitiher wild type A2, 
rA2, rA2AM2-2, wild type B9320 or rA-C^s by both intranasal and 
intratracheal route with a dose of 1 0^*^ pfu in a 1 .0 ml moculum at each site. 
Following inoculation, daily nasopharyngeal (NP) swabs were collected £com 
each monkey for 12 days under Telazol anesthesia and tracheal lavage (BAL) 
were collected on days 3, 5, 7 and 10 post-infection (Kakuk et al., 1993, J. 
Infect Dis. 167(3):553-561). On day 28 post-infection, serum samples were 
collected fiom each infected monkey and the monkeys were challenged with 
either wild type A2 or B 93 20 at both the intranasal and intratradieal sites with a 
dose of 10^*^ pfu in a 1.0-ml inoculum. Replication of the challenge virus in the 
tapper and lower respkatoiy tracts of monkeys was mamined by quantitation of 
virus shed m NP and txacbeal lavage specimens. Hie NP samples were collected 
daily finr 1 0 days and BAL samples were collected on days 3 , 5, 7 and 1 0 post- 
challenge. Fourteen d^ after wild type virus challenge^ serum samples were 
collected for measurement of RSV neutralizmg antibody by the 50% plaque 
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reduction assay using wild type A2 or B9320 viruses. Hie virus shed in flie NP 
and BAL saoiples were quandtated by plaque assay using Vero cells. 

RESULTS 

Construction of d)NA and recovoy of RSV A/B chimeric vims 
Previously^ we cozistructed an infectious antigenomic cDNA 
ffip/vtitig ^ KS V strain A2 and its derivative bearing a deletion of the M2-2 
gene. Here, these <£)NAs were modifi^ 

the A2 strain witli those of B9320 to i»x>duce chimecic viruses e3q)ressing 
RSV subgrotq) B antigens. The gene start and gene end sequences are very 
conserved between the two RSV subgroups. Tlieie&ie, the complete G and 
F genes of B9320 including their own gene start and g^ end stgoals were 
transferred to tiie A2 cDNA backbone (Fig. 26). Ibe cDNA e^ 
and F genes of B9320 was obtained by RT/PCR and confirmed by sequence 
analysis- The constructed chimeric cDNA was designated pRSVA-GpFs. 
pRS VA-GgFa AM2-2 was constructed by deleting the M2-2 gene fiom 
pRS VA-GbFb. The M2 gene containing the deletion of the M2-2 open 
reading fiame fi»m rA2 AM2-2 was introduced mto pRS VA-OqFb through 
the unique Msc I and BaxnH I restricticm ensgrme sites. Bodi chimedc vhruses 
(rA-<y B ™d r A-tGbFbAM2-2) were recovered from cDNA using ihe 
previously described rescue system. The recovered reconibinant viruses were 
plaque"purifi.ed and amplified in Voo cells. 
Characterization of tiie reconibinant chimeric viruses in vitro 

Expression of die subgroup specific proteins by ttie chimeric viruses 
was analyzed by NortJ^m and Western blotting. Using strain specific 
probes, B9320-specific G and F mRNAs were detected in cells infected wilh 
tA-C^Fb and rA^FBAM2-2 (Fig. 27A). The M2^2 gene was not detected in 
ceUs infected with rA-GBFBANG-2, confirming that the M2-2 gene was 
deleted fiom this chimeric vkus. The B9320 strain specific protein 
expressionof the two drnn^ vuiises was also compared withliiat of rA2, 
rA2AM2-2 and wild type B9320 (Fig. 27B). Hie Fl protein of rA-GBFa and 
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zA-GbFqAMZ-Z showed the same rate of migration mobility as Haat of 
B9320, both migcated faster than that of A2. Western blotting analysis using 
stram specific monoclonal antibodies condBmied Ibat the G ptotein of 
subgroiq) B iwas esqiressed by tA-G^^ and iA-C^bAM2-2 (Fig. 27B). 
Westem blotting using a polyclonal antibody specific to the M2-2 pmtein 
fiirCher confimied the abkdon of Hie M2>*2 grae in iA2AM2-2 and lA- 

Replication of chimeric viruses, lA-GJ?^ and tA-GBF0AM2-2, was 
compared to iA2 and tA2AM2-2 in both the HEp-2 and Vero cells (Fig. 28). 
In Vero cells, infected at an tmi of 0. 1, both tA-C^Fb and rA-GBpBAM2-2 
reached peak titers similar to that seen with wild type rA2 and rA2AM2-2 
respectively. At a lower moi of 0,01, the peak titer of rA-GsFB was sligjitly 
reduced compared to rA2; the level of replication of £A-GbFbAMZ'^2 was 
reduced by about lO-fold compared to cA-GbFb. In HE^2 cells, at moi of 
0.1| iA-GbPb showed a slig^y lower peak titer ccnxqpared to wt A2 ivheieas 
the replication of rA-GBFBAM2-2 was reduced by about 100-fokL At moi of 
0.01, the peak titer of rA-G^g was reduced by about 10-£3ld compared to 
£A2 and the peak titer of rA-OBFBAM2-2 was reduced by 100-fold. . 
Therefore, sunilar to that observed fw rA2AM2-2, xA-GbFbAM2-2 also 
esdiibitBd restricted replication in HBp-2 cells, whereas its replication in 
Vero cells was less impaired. 
Replication of chimeric RiSV in cotton rats 

Cotton rats are susceptible to both subgroup A and B RSV infection* 
The levels of replication of iA-GbFb a^ad rA-GBFBAM2-2 in Hxq nasal 
turbinates and lungs of cotton rats were compared widirA2, rA2AM2-2 and 
wild type B9320 (Table 21). The replication of iA-GbFb was below the limit 
of detection by plaque assay in the nasal turbmates, its replication in lung 
tissue was reduced by about 3.6 log|Q conqpared to wild'^ype B9320 and by 
about 2.0 logio relative to tA2. The replication of rA2AM2-2 was not 
detected in the nasal turbinates and was L6 log lower in the lung coooparcd 
to r A2 . Removal of M2'-2 fiom iA-G^b ^otlbsc attenuated the chimeric 
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virus. No virus replication was detected in either the nasal turbinates or 
lungs of cotton rats infected vvidi rA-O^BAM2-2. 

Allhough iA-GbFb and iA-C^Fb AM2-2 were attenuated in cotton rats, 
both chimeric viruses induced 5u£5cient immunity against RSY to protect 
the fixnn cballeDge (Table 21). The level of serum antL*-RSV 

neutralizing antibody induced by xA-Q^s ^vas 2«8S-fold lower relative to 
that induced by wild type B9320. Serum and-RSV neutralizii^ antibody 
induced by rA-C^BAM2-2 was c^jproximately 4-fold lower compared to 
that induced by B9320 and l.S-fold lowor than that of rA-O^e* By 
comparison, tihe level of serum anti-RSV neutrali2dng antibody induced by 
rA2 AM2-2 was similarly reduced by s^proximalely 2-foId compared to that 
ofrA2. 

RepUcation of wt RSV and rA2AM2-2 in AGM 

In ord^ to investigate RSV attenuation and immunogenicity in 
primates, replication of recombinant RSV was further studied in AGM. 
Study A examined the replication of recombinant A2 and wild type A2 virus 
in the respiratory tracts of AGM. RSV s©ro-n?g^ve AGM were infected 
with S.5 logiopfo of ]A2 or wt A2 intranasaUy and inlraltac^^ 
shedding was monitored over a period of 12 days in both the upper az^ 
lower respiratory tracts. As shown m Table 22, tA2 replicated well in both 
the upper and lower respiratory tracts of AGM. rA2 reached apeak tit^ of 
4.18 and 4«28 logiopMnl at eadi site respectively and shed virus over tiie 
same length of time as flic wild type A2 virus (Table 22, study A), though 
the peak titer of rA2 in the respiratory tracts of AGM was slightly lower than 
that obtained for wild type A2 virus. Having confirmed a high level of 
replication of rA2 m A<M, tA2AM2-2 was evaluated for its attenu^on, 
immunogenicity, and protective efiEicacy in AGM. In a separate study (study 
B, Table 22), rA2AM2-2 showed a gfceSiy reduced level of replication in 
both the nasophaiynx and trachea compared to r A2. Its peak titer in 
nasopharynx had a reduction of 3 . 1 log^o ^^nle the peak titer in the trachea 
was reduced by 3 .25 logjo- Despite the much lower level of replication in the 
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respiratoiy tracts, rA2AM2-2 induced a significant level of serum anti-RSV 
neutraliziBg antibody. The antibody titer induced by cA2AM2-2 was about 4- 
fold lower than that induced by rA2 at three weeks post-infection (Table 23). 
Wh» challenged wifli wild <ype A2 TA2dM2r2 provided partial 
protection against wild type RS V replication in the upper respiratoiy tract 
and virtually complete protection in Ifae lower lespiratory tract of immunized 
monkeys. Monkeys inoculated wi11irA2 wira» fiilly protected in bo&&e 
ui^ and lower respiratDiy tracts (Table 23), Although rA2 did not 
provide complete protection in fte respiratory tracts of immunized monkeys, 
it reduced virus shedding by S days. Two weeks after challenge, the level of 
serum and-RSV neutralizing antibody from rA2AM2-2 infected monkeys 
approached that induced by £A2. 

Rq>lication of chimeric rA-Gs^B ^d wild type B9320 in AGM 

The level of replication of chimeric tA-^j^^ was coxnpared with that 
of wild type B9320. RSV sero-negative AGM were moculated vnSx 5.S 
Ic^iopfu of lA-OgFe ™ B9320 1^ intranasal and intratracheal instiUation. The 
throat swab and tracheal lavage samples were collected over 1 2 days for 
virus quantitatioa B9320 replicated to a level sunilar to that of wild type A2 
virus (Table 22). The peak titer of iA-ObFb in the respiratory tiacls of tiie 
infected monkeys was about 1000-fold reduced compared to that of B9320. 
Animals infected with vA-QJ?^ shed virus for a shorter period than those 
infected with B9320- Despite its significantly attenuated repKcalion, rA- 
GqFq provided coiiq>lete protection ^en challenged with wild type B9320. 
No challenge virus was detected in either the iqyper or Iowot respiratory 
tracts of the monkeys previously immunized with lA-GeFsCrable 23). 
Consistent witii the level of protection seen in monkeys hnmunized widi lA- 
C^Q, the level of serum and-RSV neutralizmg antibody &om these monkeys 
was only marginally reduced (about 2-fold) compared to ^observed ibi: 
wild type B9320 m&cted animals. The level of serum anti-RSV neutralizing 
antibody induced lA-O^B was augmented 1^ subs^p^ 
infisdions 
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DISCUSSION 
To expedite vacdne development for subgroiq) B RSV, a 
recatnbmant A2 virus was used as a vector to txpicEs subgrot^) B RSV 
suifiace andgeos. The diimcric virus should elicit a balanced ixmmme 
response and provide pix>tecti(m against su^ Asan 
approBch to e3q[»:essing RSV subgroiq> B antigens^ we constructed a difEeient 
chimeric virus in yMdti the O and F geooes of the A2 strain were completely 
replaced by fhc O and F genes of Ihe B9320 straiiL The chimeric RSV was 
then furlher attenuated usmg a sttat^ developed for attenuatipgtte A2 
virus. 

Tlie recovered chimeric RSV (lA-Cypg) reheated efiBciently in Vero 
cells, but its gtowtii in HEp-2 cells was reduced by 5- to 10-foId relative to 
rA2, rA-Gypg was attenuated in both the upper and lower respiratory tracts 
of cotton rats. To detennine if the attenuation of tA-GJ?^ was host specijBlc, 
this chimeric virus was further evaluated in AOM that are genetically more 
closely related to humans lhan rodents. RSV mfection in AOM is less well 
charactmzed and tiiere is a vnde range in tte rejKnted peak titer (Qowe et 
bL, 1996, J. Infect Dis. 173:829<g39); (Kakdk et al., 1993, J. Infect Dis. 
167:553-561). Therefore^ RSV ui&ction was first tested in AOM using wild 
type viruses. Both subgroup A and subgroup B RSV were shown to replicate 
equally well in AOM and vhnis titers recovered fiom the upper and lower 
respiratory tracts of AOM were comparable to those observed in infected 
Oumpanzees (Crow et al., 1994, Vaccine 12:783-790). When tA-Q^^ was 
evaluated in AGM, it showed a mean peak titer reduction of 3,0 logto the 
upper respiratory tract and areducti<m of 2^9 logij in the lower lesphatoiy 
tract 

The level of attenuation of iA^bFb in AOM was consistent with 
those levels obs^ed in cotton rats. Hdwev^, this result was somei;^ 
diff^ieot fixmi that iq)orted fbr a recently 

the O andF genes of A2 were replaced with those of RSV Bl strain (xABl, 
Whitehead et al., 1999, 1 VhroL 73:9773-80). Though rABl and tA-OaFB 
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are similarly attenuated in (xmon rat^ 

Chinipanzees. In contrast to tA-^SgFo, rABl replicated better than wt RSV 
Bl in both the upper and towa: respiratoiy tracts of Chimrfliizees 
(Whitehead et al„ 1999, J. Virol. 73:9773-80), Part of this discrepanpy may 
be explained by fbs semi-pemiissiveness of Chimpanzees to wild type 
subgroup B RSV infection. However, lliere exists the possibility that lAr 
GsFais more attenuated than rABl because of difTerences in the subgioiqp B 
strain sui&ce antigens or constellation effects v/bi^ these antigens are 
introduced into an A2 badceix)und Theiefore, it ai^^ 
of closely related di£BsreDt heterologous proteins can result in different 
phenotypes. Chimerization of surface antigens resulting in an attenuated 
virus has been reported for several paramyxoviruses. A chimeric measles 
virus with the HN and F pfotems replaced by the G protein of VSV was 
highly restricted in replication in vitro (Spielhof^ et al., 1998, J. ViroL 
72:2150-2159). A chimeric Rinderpest virus in which the F and H proteins 
were replaced by the heterologous sur&ce protems of a closely related peste- 
des-petits-ruminants virus was attenuated in viixo, as indicated by slow vims 
growth and low virus yield (Das et al., 2000» J. YixoL 74:9039-9047). Most 
recently, it was reported that the PIV3-PI>^ chimeric virus, in which the F 
and HN genes of PIV3 were replaced by those of PIV2 was not attenuated in 
vitco, but it was severely fltteminted in hamsters, AOM and Chin]{)anzees 
(Tao et al., 2000, J. Virol 74:6448-6458). On the other hand, the chmienc 
PIV3-PIV1 was not attenuated in vivo (Tao et aL, 1998, L Virol. 72:2955- 
2961; Tao et al., 1999, Vaccine 17:1 100-1 108). Thou^ attenuated m AGM, 
iA-GbFq induced significant levels of anti-RSV neutralizmg antibody and 
provided complete protection agamst subsequent challenge widi wild ^e 
subgyoxq^BRSV, 

In this study, iA2AM2-2 was evaluated for its attenuation, 
immuno^mciiy axid protection against wild type RSV diallenge in AGM. 
rA2AM2-2 was shown to be attmuated in the respiratoqr tracts of AOM and 
following challenge, much reduced rq>lication of wild type RSV was 
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observed in animals previously infected with rA2AM2-2. The level of 
replication and protection observed for rA2AM2-2 in AGM is very similar to 
that reported in a Chimpanzee study for a similar recombinant RS V that had 
the M2-2 protem repression silenced (Bermingham and Collins, 1999, 
pNAS USA 96:11259-11264; Teng et al., 2000, J. Virol. 74: 9317-9321). 
iA2AM2-2 may prove to be more attenuated in humans than a previously 
tested vaccine candidate qits248/404 (Teng et al., 2(K)0, J. ViroL 74: 9317- 
9321). cpts248/404 was neither sufiBdent^ attenuated nor genetically stable 
in naive infints (Crowe ct aL, 1994, Vaccine 12:783-790; Wright et al., 
2000, J. In&cL Dis. 182:1331-1342). The serum anti-RSV neutcalizjng 
antibody titer induced by iA2AM2-2 was slightly lower iban Hiat induced by 
the wild type RS V infection. However, the augmentation of neutraludng 
antibody titer after ttie challenge suggests that the immunogenicity of 
rA2AM2-2 could be enhanced by tepoat administrations 

Since eA2AM2-2 esdiibits many of the desired features in a live 
attenuated vaccine, the deletion of the M2-2 gene was considered as an 
^ropriate way to fiirtfaer attenuate the chimeric iA-GbF^. In vitro study 
indicated that cA-0b)Pb^^-2 had sbnilar levd of attenuation as r A2AM2-2, 
exhibiting increased sync^tidfo^^ ' 
unbalanced SNA transcription to zepUcadon. As the chimeric r A-C^b ^^^^ 
is ahready attenuated in bdh 4ie cotton rats and AGM, r A-ObFb AM2-2 is 
expected to be more attenuated than iA2AM2-2. However, cotton rats 
studies mdicated that iA-ObFbAM2-2 was still ceqpable of inducmg a level of 
serum RSV neutralizing antibody approaching that induced by iA-GbFb and 
provided complete protection against subsequent experimental challenge. 
Therefore, rA-GoFB AM2-2 may represent a suitable vaccine candidate for 
protecting against subgroiq) B RSV in&ctioxL 
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Tlie present invention is not to be liinitedm specific 
embodiments described which are intended as single illustrations of 
individual aspedbs of the invention, and any constructs^ viruses or en^ones 
vddch are fimctionally equivalent are vdtbin Ihe scope of ftis inv^tiom 
Indeed, various modifications of Ifae invention in addition to those shown 
and described hereui wiU become qjparent to those sIdUed m 
the fi)regomg description and accoinpanyingdmwi^ Such modifications 
are intended to M wilfam the scope of the appended claims. 

Various publications are cited heidn, flie disclosures of which are 
incorporated herein by reference in their entireties. 
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1 . An isolated infectious lespiiatory syncytial virus particle 
having an attenuated phenolypd comprising a respitatoiy Sfynq^tial vims 
andgenome or genome wherein said genome or antigenome has: 

^ a) a heterologous sequence encoduxg a 0 and F profdn; and 

b) a mutation in tiie M2*2 gene. 

2. The isolated infi^ousrespiratoiyss^ 
claim 1 wherein said mutation in the M2«<2 gene is a deletion. 

10 

3. Tlie isolated infectious respiratory syncytial virus particle of 
claim 1 wherein said heterologous sequence is derived &om a diSerent strain 
of residratoiy syncytial virus. 

4. The isolated iiifectious respiratory syncytial virus p^^ 
claim 3 vriberein said heterologous sequence is derived jBrom a B strain of 
respiratory syn(7tial virus. 

5. An isolated cDNA mcoding an m&ctious respiratory 
syncgrtial virus particle havuQ^ an attenuated phenotype conqprismg a 
respiratoiy syncytial vuus antigenome or genome ^ntoein said genome or 
antigenome has: 

a) a heterologous sequence encoding a O and F protein; and 

b) a mutation m the M2-2 gene. 

6 • Hie isolated cDNA of claim 5 wherein said cDN A is 
pRSVA-Gb-FbaM2-2. 

7* An isolated cDKA encoding an in£»:tiousies^^ 
sync^dal virus partide having an attenuated jdieootyp^ wheEreinsaidcDNA 
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8. Avacxmecomprismgaiicspi^^ 

geaome of which contains fhe reverse conqslement of an mSNA coding 

sequence operatively linked to a polymerase binding 

syncytial virus, vAsma said noKNA coding sequience contains a deletion in 

Ibe M2**2 geiie and a heterologous sequence encoding 1^ 

and a phatmaceutically accqrtable cattier. 

9. The vaccine of claim 8 v^ierein said heterologous sequence is 
derived fi:oni another stram of respiratoiy syncytial virus. 

10* The vaccine of claim 9 v^eiein said heterologous sequence is 
derived fi»m a B strain respiratoiy syncytial vir^ 

11. A vacdne comprising a cDNA «icoding a respiratoiy 
syncytial virus, \^eiein said cDNA contains the leveise complement of an 
mSNA coding sequence of a respiratoiy syncytial virus opeiotivdy link 
to a polymerase binding site of a respiratory syncytial virus, i^rein said 
mKNA coding sequence contains a ddction in the M2'2 gene and a 
heterologous sequence encoding fhe F and Oprotein, and a phatmaceutically 
acceptable canier. 

12. The vacdne of claim 11 ^9^iereinsaidcDNAispRSVA-<jB" 

13. A vacdne compriaing a cDNA wherein said cDNA is 
pRS V A-GqFb ^ a pharmaceutically acceptable carrier. 

14. A pharmaceutical conqxisition conopising a res|nratoiy 
syncytial virus, fhe genome of i^ch contamstfae reverse conqdement of an 
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mRNA coding sequence operatively linked to a polymerase binding site of a 
lespiratoiy syncytial virus, wherein said mRNA coding sequence contains a 
deletion in the M2-2 gene and a heterologous sequence encoding the F and G 
protein, and a phaimaceatically acceptable easier. 

15. Thephannaceuticalccmpositionof claiml4^eieinsd^ 
heterologous sequence is derived &om anotter strain of respiratory syncytial 
virus. 

16. Hie phammceudcal compositiaQ of claim IS vvherein said 
heterologous sequence is derived fiom a B strain respiratory syncytial virus. 

17. A pharmaceutical compositiQn comprising a cDNA encoding 
a respiratory syncytial vinis, i^lierdn sdd d)NA contains 

complement of an mRNA coding sequence of a respiratory syncytial virus 
operatively linked to a polymerase binding site of a respiratory syncytial 
vxrusi herein said mRNA coding sequence contains a deletion in the M2-2 
S/sae and a heterologous sequence encoding an F and O protdn, and a 
pharmaceutically acceptable carder. 

IS. Ibe pliannaceutical conqposition of daim 17 i?riierem said 
cDNA is pRSVA-Ob-FbaM2h2. 



25 



30 



-120- 



wo 02/44334 



ins 



PCTrtISOl/44819 




wo 02/44334 PCT/USOl/44819 

2/28 



CO 



CM 



V 

- o 

i| 

o 



I 

c 
o 

a. 
E 

■a 

O r< 

Si? 



3/28 



FCT/USOl/44819 




wo 02/44334 



5^ 



PCTAJS0iy44819 




RT/PCR NORTPIasmid 



FIG. 5 



wo 02/44334 PCT/USOl/44819 

6f2S 




wo 02/44334 PCTAISOl/44819 

7/28 




FIG. 7 



wo 02/44334 



808 



PCT/USOl/44819 




FIG. 8 




FIG- 9 



wo 02/44334 



10/28 



PCT/USOl/44819 




5 



wo 02/44334 PCrAJSOl/44819 

11/28 



oinoinoiootnoinoinotn o in 




wo 02/44334 



13/28 



PCT/USOl/44819 



cc Ma iuv* ^""^^ «-l 




VI 948, 



rA2 



'.M2-2 



V1581 



RT/PCR product 
1029 bp 



VI 948 \<iB| 234 nl> 



rA2AM2-2 



V1S81 



785 bp 



B. 



AM2-2 rA2 
RT + - •** — =— 



600 




FIG. 13 



wo 02/44334 



1408 



PCT7US01/44819 




FIG- 14 




FIG. 15 




FIG. 16 



wo 02/44334 



17/28 



PCT/USOl/44819 




FJG- 17 



wo 02/44334 



18/28 



PCT/USOl/44819 



NS1 



NS2| 



M2-2 




FIG. 18 




FIG- 19 



wo 02/44334 



20/28 



PCT/nSOl/44819 




Hour 



FIG. 20 



wo 02/44334 



21/28 



PCnAJSOl/44819 




FIG. 21 



yfO 02/44334 



22/28 



FCT/DSOl/44819 



8 




1 ■ 



24^ 48 72 . 98 

Hour 



FIG- 22 



wo 02/44334 PCT/USOl/44819 

23/28 



12345 6 789 



NS1 



1. rA2 

2]3.ANS1/SH 
4,5.ANS2/SH' 
6, 7.ANS1/NS2/SH 
8, 9.ANS2/M2-2 



NS2 



SH 




M2-2 




FIG. 23 



wo 02/44334 



24/28 



PCTArSOl/44819 




FIG- 24 



HVO 02/44334 



25/28 



PCTAJS0iy44819 



7 




0 H « • — ' ' ' 

- 0 24 48 72 96 

Hour 



FIG. 25 



wo 02/44334 



76m 



PCr/USOl/44819 




wo 02/44334 PCT/US01/448i9 

27/28 




FIG.27 



wo 02/44334 



2g/28 



PCTrtJSOl/44819 




FIG. 28 



